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REMEDIAL INVESTISATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

ABSTRACT -

The Weldon Spring Quarry was used for waste disposal by the U.S. Department of Defense
and the Atomic Energy Commission form the 1940s threugh the 1960s. In 1990, a Record of
Decision calling for excavation of this waste was signed by the U.S. Environmental Protection
Agency (EPA), and the U.S. Department of Energy (DOE) completed removal in 1995, This
report provides information developed from characterization of contamination in affected

geological media after the waste was removed,
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1 INTRODUCTION
1.1  Scope

The Quarry Residuals Operable Unit is one of four operable units included in the Weldon
Spring Site Rernedial’ Action Project (WSSRAP) as registered in the National Priorities Tist under
the Comprehensive Environmenial Response, Compensation, and Liability Act (CERCLA). The
Weldon Spring quarry is tocated approximately 30 miles west of St. Louis (Figure 1-1) between
Defiance and Weldon Spring, in St. Charles County, Missouri. It is 4 miles southwest of the
Weldon Spring Chemical Plant site on Missouri Highway 94. '

FIGU.HE"1.-.‘_| Lecation of tl'.léh ‘_ﬁ.’eldnn Spring Ell..larﬁf

The Weldon Spring quarry was excavated into limestone bluffs at the northern edge of the
Missouri River alluvial floodplain, which extends approximately 1 mile south to the river. The
quarry was used for waste disposal by the Departrnent of Defense and the Atomic Energy
Commission from the 1940s through the 1960s. In. 1990, a Record of Decision calling for
excavation of the bulk waste was signed by the U.S. Environmental Protecnon Agency {EPA) and
removal was completed in 1995.

DOE/OR/2154%-687, Rov. 1 1-1 072497
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Through the Quarry Residuals Operable Unit, the Department of Energy (DOE) is
_addressine radiological and chenical contamination remaining inx affected media after excavation
of the bulk waste. This report provides information develeped from characterization of
contamination in these media, In support of the Operable Unit, the Work Plan for the Remedial
Investigation/Feasibility Study -Environmental Assessment for the Quarry Residuqls Operable Unit
at the Weldon Spring Site (Ref. 1) was finalized in January 1994 and provided guidance for
investigations conducted in. support of this remedial investigatior report. The work plan also
includes detailed discussions of site history, geology, hydrology, and ecology and summarizes
analytical data collected prior to 1994. The Quarry Residuais Sampling Plan (Ref. 2) also became
final in Jamuary 1994. Two addenda tc the sampling plan, one addressing characterization of the
quarry proper and the other addressing resurgent water in the quarry pond and data gaps, were
prepared in 1995. This remediat investigation report describes the resulis of these characterization
efforts. a

1.2  Authorizing Documentation

This remedial investigation report is prepared to comply with the requirements set forth
in 40 CFR 300, National Oil and Bazardous Substances Pollution Contingency Plan and the
Environmental Documentation Department Plan (Ref. 3). For remedial action sites, i is DOE
policy to integrate values associated with the National Environmental Policy Act (NEPA) into the
CERCLA decision-making process. The analyses contained herein address NEPA values as
appropriate to the actions being considered for this operable unit,

1.3  Document Organization

This document contains thirteen sections: introductory material is presented in Sections 1
through 3; Sections 4 through © are organized by media and contain discussions of results from
this remedial investigation. These observations are carried forward to Section 10, where the fate
and transport of contaminants are examined as a continuous system. A summary of the baseline
risk assessment is presented in Section 11. A summary of major conclusions and a discussion of
possible additional investigations are presented in Section 12. References are included in Section -
13.  Appendices are located in Volume II of this report and contain supporting data and
information. -
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2 B&GKGRHUND INFORMATION

“This section describes the history. of waste dispesal and remedial activities at the Weldnn
Spring Quarry. : :

* Site Description

- The Weldon Spring quarry ‘consists of two areas; the quarry proper-and the adjacent
support facilities area. The quarry proper consists of the $-acre quarry which-was excavated into
the limestone bluff of the Missouri River ﬂooclplam Prmnﬂy, a pm'ui occupies the lowest point

of the guarry.

‘The adjacent 2-acre suppors facilities area is comprised of the quarry water treatment plant
and its associated basins and the facilities utilized during bulk waste removal activities. The
facilities include, but are not limited to, trailers, decontamination pad, transfer station, and other
ancillary facilities. These facilities are temporary and will be addressed during restoration
activities at the quarry.

The quasty is surrounded by the Weldon Spring Conservation Area. The Missouri-Kansas-

Texas railroad line formerly passed just south of the quarry. This line has been dismantled and the

. tight-of-way has been converted to the Katy Trail State Park (Katy Trail) which is used for
recreational activities. The St. Charles County well field is located southeast of the quarry between

- the Femme Osage Slough and the Missouri River. This well field is a major source of. drinking

'water for St. Charles Coum}' The closest production well is- approximateiy ﬁ 5 miles from-the .
quarry.

2.2 Site History -

] 'In 1941, limestone was mined from the Weldon Spring Quarry and crushed into aggregate
that was used for construction of the Welden Spring Ordnance Works. From 1941 to 1945, the
U.S. Department of the Army (Army) produced trinitrotoluene (TNT) and dinitrotoluene (DNT)
~ at the ordnance works. and used the quarry, which lies within the former ordnance works-
- boundaries, for disposal of manufacturing wastes. At the end of World Wax II, the ordnance
works was decommissioned. Between 1946 and 1957 the Army disposed of contarninated process
residues and building rubbte in the S-acre quarry. In 1955, 200 acres of the ordnance works area
were transferred to the Atomic Energy Commission (AEC) for construction of the Weldon Spring
Uraniur Feed Materials Plant, where uranium ore was processed into uranium metal from 1957
to 1966. The AEC acquired title to the quarry in 1958 and used it from 1960 to 1969 as a disposal
area for wastes contaminated with thorium, uranium, and radium. In total, approximately 140,000
cu yd of wastes were placed in the quarry. Table 2-1 summarizes disposal activities; a more
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complete description is presmmad in the report, Remedial Inve.mganans for Quarry Bulk Wasres
(Ref. 4).

TABLE 2-1 8ulk Waste Disposal Activities
DATE L MATERIAL . QUANTITY

- 1942-1945 Nitroaromatics and Residues. unknown
: Quarry used for TNT/DNT waste disposal.

1946 Nitroaromatics and Residuas. . a0 tons
Cuarry used for TNT/DNT waste disposal.

1946-1957 TNT Residuss, ' unknewn -
Rasidues and rubble dumped in deepest part of quarry '
and In northeast carner,

1969 Thorium Rasidues. 186 yd®
Disposal of drums containing 3.8% thariun residues.
Estimated Ra-228 content of .25 Ci.

Early 1960's Building Rubble, Equipment, Soils. 50,000 vd®
‘Demolition rubble from Destrehan Street Ptant.
Cavers approximately 1-acre to depth of 30 ft deep in
tha deepest part of the quarry. Contains uranium and
radium centamination with less than 1 Ci Ba-228.

1983-1965 ' Thorium and Uranium Residues., ' unknown
Saveral thousand drums canteining thorium and rare
earths from Granite City Argenal. Initially intended for
disposal. Moch of waste later removed for
reprocessing. :

1986 Thorium Residues. unknown
Drums and residues from shutdown and cleanup of
Weldon Spring Chemical Plant process equipment.

1966 Thotium Residuas. 555 yd?
Hundrads of drums brought from Cincinnati by rail.
Contain 3% thorium with estimated 1 Ci Re-223.

Placed above water lavel,

1966 THT/BNT Reslduas. unknown
Contaminated rock and sail dumped in northeast
corner of guary covering the Cinctnnati thorium
rasiduas, -

1968-1969 Uranium and Thorium Residues. ' 5,660 yd®
Contaminated building rubble and process eguipment
from Waldon Spring Chemical Flant, Principal sources
of radioactivity are Ra-228 and Ra-228,

Source: Ref. 4
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After closure by the AEC, the chemical ptant was restored to the Army in 1967. [n 1971,
the Army retarned the 51-acre partion of the property containing the raffinate pits to the AEC but
retained control of the remainder of the chemical plant area. As successor to the AEC, the
Department of Energy (DOE) assumed responsibility for the raffinate pits. In May 1985, the DOE
designated the control and decontamination of the Weldon Spring site-as a Major Project; it was
redesignated as-a Major System Acquisition in May 1988. - A project office was established in
October 19856, and the site is currently under the control of the DOE and is managed by DOE's
Project Management Contractor (PMC).

In October 1985, the 1.8, Environmental Protection Agency (EPA) proposed o list the
Weldon Spring quarry on the National Pricrities List (NPL); this listing occurred in July 1987
(Ref.-5). InJune 1988, the EPA proposed to expand the Histing to include the chemical plant area;
this listing occurred in March 1989 (Ref. 6).

Two separate expedited response actions were performed to mitigate the potential threat
to the nearby drinking water supply in the St. Charles County well field. These actions included

management of the contaminated pond water in the quarry and removal of the bulk waste. First, . -

an Engineering Evatuation/Cost Analysis (EE/CA) was prepared (Ref. 7) to support the decision
to treat pond water in & facility constructed adjacent to the quarry and to release the treated water
into the Missouri River. A National Environmental Policy Act (NEPA) finding of no significant
impact was issued in February 1990, ard the water treatrent plant became operational in 1992,
Second, The Record aof Decision for the M&mgﬂnem of the Bulk Wastes ot the Weldon Spring
Quarry {Ref. 8) (ROD-BW) was signed by the EPA in September 1990. The ROD-BW specified
- that the bulk waste was t0-be removed using conventional construction equipment, transported on -
a dedicated haul road to the chemical plant; and placed in storage where it was to be maintained
uatil final disposal, as specified by the Record of Decision for Remedial Action at the Chemical
Plant Area of the Weldon Spring Site (Chemical Plant ROD) (Ref. 9).

Bulk waste excavation began in May 1993 and was completed in October 1995, During.
this period, approximately 140,000 cu yd of soil and waste material were removed and transported
to the chemical plant. Most contaminated soil was removed from the quarry during the bulk waste
removal action. Following bulk waste excavation, rock surfaces and fractures were power-washed
to remove loose material.

In January 1996, contaminated soil was removed from Vicinity Property 9 (VP-9), which
~ i8 just south of the quarry, as prescribed in the Chemical Plant ROD (Ref. 9). Remediation of this
area generalty involved removing the upper 2 ft of soil and s0ils up to 5 ft in isolated areas where
[J-238 concentrations exceeded 30 pCifg. The excavation was backfilled with clear soil to
approximately the original grade.
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2.3 Physical Setting

The Weldon Spring Quarry is in & unique physiographic setting. It is located near the
. boundary between the Dissected Till Plain section of the Central Lowlands Physiographic Province
‘and the Salem Plateau Section of the Ozark Plateans Provinee, approximately coincident with the
commonly accepted sonthern limit of Holocene glaciation <Ref. 1), - This region, with-the
exception of the Missouri River floodplain, is characterized by narrow ridges and deep valleys.
incised by short, steep, bedrock-controlled streams. Figure 2-1 is a topographic map of the area
surrounding the quarry. Elevations range from 450 fi to 560 ft above mean sea level (Ref. 10)..
" Elevations are highest along a ridge south of the quarry that forms the bluff cverlooking the -~ -
Missouri River floodplain. The floodplain extends from the bluff to the river, a distance of -
approximately 1 mile. The river forms the southern margin of the quarry study area. The natural
relief across the floodplain is less than 12 ft (Ref. 2).

Streams in the immediate vicinity of the quarry inchude the Femme Osage Creek, the Little
Fetnme Osage Creek, and the Missouri River (Figure 2-1). The original downstream reaches of
the Femme Osage Creek and the Litile Fernme Osage Creek were cut off by the consiruction of -
a flood control levee and now form the Pemme Osage Slough. ' :

Bedrock in the guarry area is primarily limestone with some shale and dolomite. Bedrock
is exposed in the quarry walls and floor and on the steep bluffs along the Misscuri River. Upland
areas are overlain by 10 ft to 40 ft of silty clay, which is primarily wind-blown, glacially-derived
loess and residuum. In the Missouri River floodplain, alluvial deposits occur in stream valleys,
coarsen and thicken in the direction of the river, and are as much as 100 ff thick. :

2.4 Demagraphic and Land Use Information

The population of St. Charles Cﬂunt}r in 1990 was 212,9%07; 20% of the population hves
in the city of St. Charles, approximately 22.4 ko (14 mi) northeast of the Weldon Spring site.
The population in St. Charles increased by 48% from 1980-to 1990. . The two communities closest
to the site are Weldon Spring and Weldon Spring Heights, about 3.2 km (2 mi} to the northeast. -

The combined population of these two communities in 1990 was 1,034 (Ref. 13). No private:

residences exist between Weldon Spring Heights and the site. Urban areas occupy about 6% of

county fand, and nonurban areas occupy 90%; the remaining 4% is dedicated to transporiation and - -

water uses.

The St. Chales County well field is located approximately 0.5 mi southeast of the quarry.
The wells are completed in the Missouri River altuvium and supply a maximmum of
22 million gal/day of water for use by 70,000 county residents,
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REMERLAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON: SPRING SITE, WELDON SPRING, MO

Most of the land in the quarry area is owned by the State of Missouri, The quarry lies

" . within the Weldon Spring Conservation Area, which covers 7,356 acres. The August A. Busch

Memorial Conservation Area and the Howell Island Conservation Area lie to the north and east
of the quarry, respectively. All these areas (Figure 2-1) arc managed by the Missouri Department
of Conservation and are open to the public for fishing, hunting, and other recreational activities.
. The Katy Trail State Park, which is managed by the Missouri.Deparunent of Natural Reseurces,
is a gravel-based public hiking and biking trail-that runs along the former Missouri-Kansas-Texas-
Railroad right-of:way (Ref. 11). - This trail passes directly to the south of the quarry. - .

Access to the quarry is restricted and .controlted by the DOE. T the west of the guarry
proper, the support facilities for bulk waste excavation are located. These include a water
treatment plant, trailers, a parking area, and a haul road. . ' N

2.5 Archae_ulngical Investigations

Although no prehistoric or historic remains oceur in the quarry proper, archeclogical
surveys have documented the presence of numerous prehistoric and historic sites in the area. In
1989, the WSSRAP conducted a Phase II assessment of Site 238C21, which is Jocated o the bluff
between the quarry and the Katy Trail (Figure 2-1) (Ref, 14), to establish its significance with
respect to National Register of Historic Piaces (NRHP) criteria, The Phase I report recommended

_ that if project modification is not a feasible akternative, Site 233C21 should be subjected to Phase
III mitigation, which includes hand excavation to recover artifacts.

. Tn 1990, a Memorandum of Agreement between the DOE and the Missouri State Historic
Preservation Officer (SHPO) wis submitted to the Advisory Council on Historic Preservation in
Washington, D.C. (Ref. 12). This memorandum stipulated that if any proposed remedial action
results in an impact to Site 238C21, the DOE will ensure that a data recovery plan is developed
in consulfation. with the Missouri SHPO and in acrordance with federal regulations (36 CFR Fart
800). . R

2.6  Significant Observations
.« The quarry is located at the western edge of a rapidly growing metropolitan area.

+ The quarry is near the Sy Charles County well field, the source of drinking ﬁater for
approximately 30% of the residents in the area.

« Any action that disturbs the archeological site on the sonth quarrjr rim will require
Phase Il mitigation. :
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3 DATA ANALYSES

This section describes the manner in which data supporting the remedial investigation have
been arouped, screened, and summarized. The approach to background comparisons and other
criteria used for identifying potential contaminants are also presented.

3.1 Data Presentation

Laboratory and field -data-that form the basis for discussions in-this document are grouped
by media-and location. The data groupings for each medium are described in the appropriate
section. Data for these groups are summarized in tables in Appendixes C through H.

Data sables for nitrcaromatic cormpounds and natorally occurring parameters include the
number of samples collected (#), the percent of the data that are below the limit of detection
(%ND), the mean (Mean), standard deviation (Std), and the upper 95% confidence limit about the
mean (UCL95). In cases where insufficient data are available to calculate UCL95 (i.e., only 1
sample}, the measured value is presented. '

Data tables for anthropogenic compounds other than nitroaromatic compounds are
abbreviated because few organic chemicals were detected in any of the quarry media. Only
detected compounds are presented in the tables; a complete list of organic apalyses is given in
Table B.9 of Appendix B. The data summary tables for detected m‘gamc chemicals present the
number of samples, %ND, and the maximum concentration.

For most parameters, data from 1987 to July 1996 were used to cajculate the summary
- statistics. An additional calculation based on data collected from early 1995 to July 1996 is
presented for antimony and nitroaromatic compounds in groundwater. Beginning in 1995, a
different, more sensitive method was used to analyze antimony, and source removal, which had
a dramatic effect on concentrations of nitroaromatic compoiunds, was completed by mrid 1995,

3.1.1 Substitutions for Values Below the Detection Limit (NDs)

Congentrations of many constituents are conmonly below the limnit of detection and require
a substituted value when used in statistical calculations. I the laboratory provided a qualitative
value, this value was used in statistical calculations. If only "ND" was reported, the detection
limit was divided by 2 and substituted as.the concentration for naturally occurring parameters.
This substimtion, which. is consistent with U.S. Environmental Protection Agency (EPA)
recommenslations (Ref. 15), accounts for the presence of these parameters in nafieral enviromments.
Zero was substituted for anthropogenic parameters, which are not expected to be present at any
level.
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3.1.2 Data Screening

Unabridged data sets, including validation and data review qualifiers, are presented in a

*- geparate volume as Appendix J of this document for contaminants of potential concern (COPC)

identified in the Baseline Risk Assessment. During the data validation and review process, certain
- -yalues were rejected. - These rejected values were Temoved from:data’ sets presented m the
summary isbles and graphs displayed in this document. In addition, ND data with high detection
limits were removed from the data sets because of their potential-to bias the summary statistics.
Screening criteria are presented in Appendix B.

As itlustrated in Figure 3-1, data collected by the Weldon Spring Site Remedial Action
Project (WSSRAP) pass through a rumber of review steps before they are permanently stored in
WIZARD, the WSSRAP database. First, data are verified to determine if basic performance
criteria, such as holding times, chain of custody, and correct supporting documentation, are met.
Data are then examined by qualified reviewers to determine if the data set is complete and if there
are potential problems. Identified problems are investigated. If examination of the documentation
package does not -explain-suspect -data, the problem may be resolved through reanalysis, -
resampling, and/or validation, If reanalysis or resampling are not possible, and validation does
not detect the source of the problem, the reviewer may apply a qualifier to the data. If the
reviewer believes a suspect data point cannot reflect conditions in the location sampled and use of
the data would misrepresent these conditions, the reviewer may petition the WSSRAP Data
Review Qualification Tearn to apply reviewer-rejected qualifiers to the data. [If the team concurs
with the reviewer's findings, the datapoint is given a qualifier that indicates reviewer-rejected data
that likely reflect samepling, analytical, or-transcription errors and are not recommended for use.
Qualifiers and criteria for rejecting data are defined in Appendix B.

For these investigations, data coltected prior to activation of reviewer qualifiers m 1995
were also re-examined and qualified, where necessary. The total munber of reviewer-rejected data
comprise less than 1% of the unabridged data set.

3.2 Identificatior of Contaminants

Sections 6, 7, and 9 of this document identify potential contaminants in soil, surface water
and sediment, and groundwater in the guarry area. A contaminant is defined as any chemical
species that does not occur maturally or occurs at levels that exceed those of the matural
environment. Based on this definition, identification of anthropogenic contaminants is relatively
straightforward; however, -identification of naturally occutting contaminants. requires comparison
with data from a suitable background location. :
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FIGURE 3-1 Flow Chart of WSSRAP Data Review Process
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3.2.1 Background Comparisons

Background comparisons for naturally occurring parameters are iliustrated in bar graphs
in Sections 6, 7, and 9 that show UCL95 for the sample groups (UCLSS,) divided by UCLSS for
the - derived background (UCL95;)} (i.e., value calculated for background samples) for -each
. paraimeter. - This ratio results-in a unitless number that indicates. the. amount by which UCL95,.
exceeds UCL9S5,. I 100% of the smnple group values are below the limit of detection, this ratio
is set to one.

Strict interpretation of the background comparison ratio would label any parameter with
a Tatio greater than 1 as a contamiinant; however, in many instances this label would be
unwarranted. An extremely low UCL95, relative to UCL95; could occur if insufficient data were
collected to adequately characterize background variability or if detection limits for seldom
detected parameters were lower for the background data than the sample group data, “To avoid
unnecessary discussion of parameters ¢hat are marginaily above the derived background, the
following -sections focus on parameters that exceed two times this level. Examinmation of
background comparison ratios (UCL95,/UCL9S,) showed a natural breakpoint at 2, as shown on .
Figure 3-2. Above this level, clustering of comparison ratios decreased, indicating that deviation
from derived background was more likely-to reflect wue differences from natural background. In
addition, -a U.S. Geelogical Survey (USGS) report (Ref 65) shows natural variability .in .
concentrations of many elements in soils in this region. The derived background values from the
remedial investigation data were at the low end or below the concentration range for many
elements reported by the USGS. '

-Special emphasis is given to groundwater and surface water parameters that exceed water-
quality standards and to soil and sediment parameters that exceed the screening guidelines
. presented in the Work Plan (Ref.-1). These standards and guidelines are presented in Table.3-1.
Where indicated, parameters that exceed any of these criteria in a subigroup within any major
grouping may also be included in the discussion, None of these criteria impact calculations
performed for the Baseline Risk Assessment, which examines all parareters that exceed
background.

‘3.3 Significant Ohservations
« Data are grouped by location and media.

+ Reviewer arnd validation rejected data have been removed from data sets presented in
summary tables and graphs.

« Detection Hmit divided by 2 is substituted for "NID" for naturally ccourring paraiieters.
Zero is substituted for "ND" for anthropogenic parameters.
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« Contaminant discussions in this report focus on naturally occurring paramefers that.
exceed two times background and anthropogenic parameters greater than zero. Speciat
-emphasis is given to parameters that exceed water quality standards {(groundwater and

~ surface water) or screening guidelines presented in the work plan {soil and sediment).
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FIGURE 3-2 - Distribution of Sample to Background Ratios {UCL954/UCLI5 )
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TABLE 3-1 Screening Guidelines for. Surface Water, Groundwater, Soils, and

Sediments
WATER SCREENING GUIDELINES

PARAMETER QUALITY REF FOR SOIL REF |

: STANDARD CONCENTRATIONS '
METALS g _ uglg
Aluminum 200 a N/A --
Antimeny 5] e 2,100 2.
Arsanic BO B. 140 h-
Ban’ﬁm 2,000 & 370,000 g
Beryllium 4 = a8 h |
Cadmium ' B 8 5,300 q
Chromium 100 e 24,000 g |
Cobalt _ _ 1,000 f N/A -
Copper . : 1,000 a 210,000 g |
iron - : 300 a N/A .=
Lead . 15 f N/A, -
Lithium__ N/A - 110,000 g |
Mangangse . 1] a | N/A --
Marcury : - 2 8 1,600 g
Molybdanum ' N/A 1 - 27,000 g |
Nickel 100 e | __110,000 g
Salenium | . EL‘I & 27,000 g |
Silver 50 f 27,000 g |
Thallium 2 i | 370 g |
YVanadium MNfA — 37,000 9
Zinc 5,000 a N/A -
ANIONS mgA mgtkg
Chloride . 250 a NIA -
Flugride _ 4 & NA ' —
Mitrate {as N} 10 G WA -

Sulfate 2560 a N/A -
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TABLE 3-1 Screening Guidelines for Surfaue Water Groundwater, Soils, and
Sediments {Continued}

WATER SCREENING GUIDELINES
PARAMETER | euauTty REF - FOR SO REF
STANDARD CONCENTRATIONS

NITROAROMATIC COMPOUNDS | pig/ | _ ugig

2,4-DNT 011 £ _ N/A -
2,6-DNT 1.3 ¢ N/A =
2,4,6-TNT ' 2 K . N/A -
TNT/TNB N/A - '- 1,000 g
RADIONUCLIDES - pein pCig '
Adj. Gross Alpha * 15 | d CONiA --
Ra-226 8 14 R
Ra-228 5 {Total 8 28 i
Rn-222 300 d NA -
Th-230 ' A . | - 420 h
Th-232 . N/A - ' 28 . J
U-238 . N/A - 240 h
Total Uranium ** : 13.6 d N/A —

lexcluding Ra-226, Rn-222, & U]

** Ralationship betwaeen pCi and ug hased on Site-Specific Conversion factor

Secondary MCL, EPA Drinking Water Regulations and Health Advisories (1396)

Action Level, EPA Drinking Water Regulations and Health Advisories |19986)

Work Plan [10-5 risk level)

Proposad EPA Drinking Water Standards, 40 CFR (1821)

MCL, EPA Drinking Water Regulations and Health Advisories {1896)

MCL, Missouri Duality Standard for Groundwater or Surface Water Used as Crinking Water Supep!yr,
10 CSR 20-7 {10/31/26) :

0.5 hazard quotient, Cuarry Residuats YWork Plan

10® carcinogenic risk, Quarry Residuals Work Plan

109 carcinogenic risk level {lower level used because immunoassay technique, which was primaw
screening toel for nitroaromatic compounds, measures combined TNT/TNE}

j 10" carcinogenic risk thigher level used because 100 level is eguivalent to hackground
concentrations, Quarry Residuais Work Flan

*

= o 00 o

- Jom
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4 METEOROLOGECAL CONDITIONS AND ATR MONITORING PROGRAM

This section summarizes the meteorological conditions in the quarry area and presents the
results of the air monitoring program conducted at the quarry since 1987 by the Weldon Spring
Site Remedial Action Projeci (WSSRAP). :

4.1 Regional and Local Meteorological Conditions -

* . 'The National Oceanic and. Atmospheric Administration (NOAA) records local and regional
climatic and meteorological daia at Spirit of St. Louis Airport and St. Louis-Lambert Field
International Airport. Additional local information is available from the project meteorological
station at the Weldon Spring Chemical Plant site. Table C-1 of Appendix C lists regional and site
meteorological studies. '

The regional climate is continental with moderately cold winters and warm sammers. On
average, temperatures below 32°F are recorded 111 days.per year, and temperatures above 90°F
are recorded 35 to 40 days per year. Alternating warm/cold, wet/dty air masses often converge
and pass eastward through the area, resulting in frequent weather changes (Ref. 4). Prolonged
periods of very cold or very hot weather are unusual. '

Data from ihe site meteorological station show prevaiting winds are from the south and
south-southwest during the spring and summer, from the south during the fall, and from the
northwest and north-northwest during the winter. Average wind speed is 4.9 mph during the
snmmer and 8,1 mph during the winter. |

4,1.1 Precipitation

Historic precipitation data measured at St. Louis Lambert Field from 1964 through 1995
show an annual average of approxunately 37 in. (Ref. 16). Historical data indicate that more than
half the annual precipitation falls between March and July, although intense storms can occur in
any month, Summer rains are frequently in the form of thunderstorms and often associated with
hail and high winds (Ref. 4). December, January, and February are generally the driest monihs.
St. Louis area tecords from 1941 through 1970 indicate measurable precipitation (>0.01 in.)
occurred on an average of 109 days per year (Ref. 4), Snow has fallen as early as October and
as late as May. Data recorded at Lambert Field berween 1964 and 1994 indicate the mean anoal -
snowfall is 19.8 in,, which typically occurs from December through March (Ref. 4).

Precipitation data measured in the Weldon Spring area for. the perioﬂ 1983-1996 are in
‘Table C-2. The mean annual precipitation for this period is approximately 42 in. The maximsm
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_ monthly precipitation recorded was 13.49 in..in September 1993 which contributed 1o the flooding
- of 1993, and the minimum was 0.04 in. in September 1983,

4.1.2 Evaporation/Evapotranspiration -

" Data compiled from 1956 through 1980 indicate that anmual average free water surface
evaporation and evapotranspiration-in the region are close to anoual average total precipitation,

approximately 37 in. and parallel average monthly precipitation, with the highest vatues occurring -
during summer and the lowest in winter (Ref. 4). The coefficient of evapotranspiration for the: -

area near the site ranges from .72 to 0.74 (Ref. 4). Site-specific evaporation/evapotranspiration
data recorded for April through October in 1983 and 1984 indicate total evaporation ranges from
31 in. to 38.3 in. per year (Ref. 80).

4._2 Site Air Monitoring Program

In 1987, an environmental air monitoring program was. established to detect radioactive

- airhorne particulates, radon; thoron, asbestos, and gamma radiation emanating from the Weldon

Spring quarry. This program was based on previous characterization data and knowledge of

disposal activities. Radon and gamma radiation menitoring were also performed at Vicinity
Property 9 located south of the quarry prior to its remediation in January 1996,

Prior to bulk waste removal, contaminated soils in the guarry were covered with vegetation
or standing water, limiting releases to the atmosphere. During bulk waste removal, much of the
vegeiation was removed, and the water level of the quarry pond was gradually lowered. This,

along with the operation of excavation equipment, contributed to increased radon and airborne. .

-radioactive particulate emissions during this period. Contamination remaining after bulk waste
removal is primarily limited to fractures and depressions in the quarry walls and floor and a small
s0il area in the northeast corner, as described in Section 6. This residual contamination has the
potential to eievate radicactive airborne particulate and radon concentrations in the quarry above
nainrat background levels.

-4.2.1 Guidelines/Criteria

Radiation protection requirements for radon, radioactive airborne particulates, and gamma

radiation exposure for Department of Energy (DOE) activities are established in DOE Order

3400.5, Radiation Protection of the Public and Environment (Ref, 17). This regulation requires

that public exposure to radiation sources from DOE activities shall not cause an annual commitied

effective dose equivalent (CEDE) greater than 100 mrem. The exposure of the public to
radioactive materials from inhalation of airborne particulates shall not exceed an anmal CEDE of
i0 mrem.
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For interim storage, radon concentrations in the atmosphere above facility surfaces or

. .-openings may not exceed (1) 100 pCi at any given point, (2) an arinual average concentration of

30 pCi/l over the facility site, and (3) an annual average concentration of 3 pCifl at or above any
location outside the facility site. : .

. The derived concentration.guides (DCGs) for inhalation of various radionuclides: are
specified in DOE Order 5400.5 (Ref. 17). The DCGs are based on a CEDE of 100 mrem per
‘year.  The DCG for both Rn-222 and Rn-220 (thoron) is 3 pCifl. - For airbornte particulates, a
representative DCG was calculated based upon the average -radivactivity coment and average
solubility of the radionuclides present, The DCG for the quarry is 5.03 x 10* pCi/ml. .

Although ambient air criteria have not been established for airborne asbestos fibers, the
clearance air timits of 0.01 fibers per. cubic centimeter of air (f/cc) established by the U.S.
Environmental Protection Agency (EPA) for occupancy of school buildings was used to evaluate
asbestos monitoring data. '

4,2,2 Air Monitoring Network

4.2.2.1 Background Air Monitoring. The WSSRAP has monitored background
concentrations for radioactive airborme particulate concentrations, radon/thoron concentrations,
and gamma radiation exposures since 1987. The current background monitoring locations are
shown in Figure 4-1. Between 199 and 1995 additional stations in the August A. Busch
Conservation Area were also used. Annual average results for all background locations are listed
in Appendix C (Table C-3).

4.2.2.2 Quarry Monitoring Locations.. The air quality monitoring network for the
quarry is shown on Figure 4-1. With the exception of one Jocation within the quarry, monitoring
sites are on the perimeter of the quarry. Network equipment consists of ajpha-track and modified
alpha-track radon monitors, high- and low-volume radioactive airborne particulate monitors,
thermoluzminescent dosimeters (TLDs) to detect gamma radiation, and low-velume puraps for
ashestos sampling. -

'Natural airborne radon (i.e., Rn-222 and Rn-220) concenirations fluctuate with both soil

and meteorological conditions, The amount of radon that enters the atmosphere is & function of .

the radiom concentrations in the soil, soil moisture content, soil porosity, soil density, and
atmospheric conditions, Variations in soil moisture content are primarily responsible for changes
in ajrborne radon concentrations. -

Radon has been monitored at the quarry since 1987. The initial monitoring network
consisted of five stations (RD-1001 through RD-1005) containing pairs of alpha-track radon
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REMEDIAL INVESTIGATION FOR THE QUARRY HE&IDUA’LS QPERABLE UNI'T: WELDON SPRING SITE, WELDON 5PRING, MO

detacmrs, as shown on Figure 4-1. The use of monitering Station RD-1001 was discontinued in
1993; Stations RD-1007 and RD-1008 were added in 1992; and RD-1009 was added in 1993.

In 1994, modified afpha-track radon detectors were instalied in tandem with existing alpha-
track radon detectors at RD-1002, RD-1006, and RD-4009 (background location). The modified
alpha-track detectors filter Rn-220 (thoron) allowing calcutation of both radon and thoron using
a method developed by Pearson (Ref. 18).

. Natural radicactive -airborne ‘particulate’ concentrations are -affected by the amount of -
radioactivity in the soil, soil moisture, atmospheric dispersion, and geologic conditions. The
monitoring network for radiosctive airborne particulates includes five permanemt stations
(AP-1009, AP-1010, AP-1015, AP-1016, and AP-1017) located on the perimeter of the quarry
as shown on Figure 4-1. The air samplers are low volume carbon-vane, oil-free vacuum pumps
operated at a rate of approximately 40 liters/min. Samples are cotlected weekly and analyzed for
gross alpha concentrations. "

Gamma radiation levels are affected by radionuctide concentrations in the soil, variations
in cosmic radiation, and .ground surface density {e.g., rock vs soil}.- Prior to 1993, gamma.
radiation was monitored at nine locations on the gquarry perimeter using environmental TLDs
(Figure 4-1). The number of monitoring kocations was reduced to four in 1995, TLDs measure
the ambient gamma radiation and are analyzed by the vendor on a quarterly basis.

Airborne asbestos was sampled at five locations on the quarry perimeter using a 25 filter
- cassette and a low-volume pump operated at-1 liter/minute. - Samples were collected weekly and
analyzed by phase contrast microscopy (PCM). If PCM analysis indicated a concentration above -
the site action level (0.0% fibers per cubic centimeter of air), the sample was resubmitted for
asbestos analysis by transmission electron microscopy. In 1994, monitoring station AP-1015 was
discontinued and AP-1016 was established. Monitoring station AP-1026, was monitored in 1995
cnly.

4.2.3  Results of Monitoring

Annual average radon concentrations from 1987 to 1996 for the nine monitoring stations
are summarized in Appendix C (Tsble C4). Historically, monitoring station RD-1002 has yielded
the highest radon concentrations. The maximum quarterly concentration of 9.2 pCi/l occurred at
this station in the first quarter of 1994 during bulk waste removal activities in the vicimty of the
monitor. Measurements coflected during the first and second quarters of 1996 indicate radon
concentrations have retarned to natural background levels.
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Thumnmomtonng atﬂmqtmrrywas tmtmmdmmetlurdquarter Gf199431RD-IDI]2and :
. in the fourth quarter at RD-1006. . Thoron concentrations are sumimarized in Appendix C (Table '

C-5). ‘RD-1006 has yielded background concentrations since:iis establishrment in 1994, RD-1002
showed elevated thoron levels during bulk waste excavation in the vicinity of the monitor. Since
. the conpletioh of bulk waste removal, 2nd Quarter 1996.results at RD-<1002 have indicated thoron
“."-concentrations slightly above background. Thoron will continue 10 be mouitored quarterly at this
location as part of the WSSRAP environmenial monitoring program. All other thoron momtoring
‘following bulk waste removal indicates natural background levels.

‘Radioactive airborne particutates have been monitored since 1989. The-annual averages
for long-lived gross alpha concentrations at five permanent low volume airborne particulate
monitoring stations are summatized in Appendix C (Table C-6). In 1989 arxt 1990, the
monitoring stations yielded some weekly sample concentrations that were less than the lower limit
of detection (LLD); however, the LLD was used to calculate the annual average. This resulted
in the actual average being less than the calculated average. Elevated levels of radioactive
. airborne particulates were detected in 1994 and 1995 during the main phase of bulk waste removal
activities. Airborne particulate levels decreased in 1996 and cu;rrently, are similar 1o pre-bulk
waste removal concentrations {i.c., background levels). |

Results from gamma radiation monitoring are summarized in Appendix C (Table C-7).
Prior to bulk waste removal, statistical analysis of gamma radiation results indicated that at the
05% confidence level, several quarry monitoring stations slmwed annual results that were greater
than background levels, Post bulk waste removal results appeat to be at background levels.

Asbestos moniforing resulis are summarized in Appendix C (Table C-8). All asbestos

monitering stations at the quarry yielded background concentrations before and during bulk waste
removal. Asbestos monitoring was discontinued in 1996. :

4.3 Slgnifieant Observations

. Premprtatmn which averages approximately 42 in. fyr, is gneatest in the summer aud '
spring.

» Evapotranspiration rates are approximately equal to precipitation rates..

+ Rn-222, gamma radiation, radioactive airborne particﬁlates and asbestos are preseitly
at background levels and are below DOE pmtecunn criteria.

»  Rn-220 (thoron) exceeds hackgroumi at one location on the northeast corner of the
QUAITY PIOPET.
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5 ECOLOGICAL INVESTIGATIONS

This section presenis results of surveys conducied to charactenze ecological cammumtles
and 1o determine the potential impacts, if any, from quarry wastes. Characterization activities
included vegetation mutveys, threatened and endangered species surveys, and wetland delineation
as defined in the sampling plan (Ref. 2). ' ' '

5.1 Previous Studies

Available’ background -information regarding flora and fauna was reviewed prior to
beginning ecological characterization. A summary of existing information from previous surveys
is presented in the foliowing sections.

5.1.1 Flora

_ - The quarry is located in the bluesiern Prairie Oak-Hickory Forest Mosaic subsection of the

Praitic Parkland Province (Ref. 14). This province is characterized by densé to open riparian
woodlands interspersed with upland prairie. Today, much of the province has been converted tc
agricultural fields, and remmants of the prairie are rare in Missouri (Ref. 19). Prairie habitats are
not present near the. Quarry Residuals Operable Unit area,

The quarry rim and surrounding area are primarily slope forest and bottomland forest. A
portion of the natural bluff, with a height of 100 ft, separates the quarry from the Missouri River
and its floodplain to the south. Slope forests along the bluff include deciduous trees such as caks
- and hickories. Disturbed roadside habitat is found along the Kary Trail which-runs directly to the -
south of the bluff. S

In the Missouri River floodplain, which lies to the south of the quarry, agricultural fields
are maintained by the Missouri Department of Conservation (MDC) under share-cropping
agreements. Portions of these crops are left in the fields for wildlife forage. Corn, soybeans, and
milo are the primazry crops.

Numerous aquatic habitats are present in the vicinity of the quarry and in the mighboting
Weldon Spring Conservation Area. These include the Missouri River, the Little Femme Osage
Creek, the Ferume Dsage Creek, the Femme Osage Slough, and numerous small unnamed
tributary streams. Bottornland forests i these habitats include tree species such as eastern
cottonwood, silver maple, and sycamore. Periodic flooding and fluctuations in waier levels are
common in these areas and favor the growth of water tolerant species such as silver maple.
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£.1,2 Fauna

Fauna are diverse in the area surrounding the quarry. ‘The area supports a veriety of
animals cormmon to deciduous forests, agricultural areas, and aquatic habitats. According fo the
MBDC, 25 amphibian, 47 reptilian, 29 mammalian, and 299 avian species occur in 8t. Charles
© County (Ref. 20). Species commonly observed within and near the quarry include eastern grey
squirrels, raccoons, red fox, and deer mice. The surrounding area is managed for game species
such as white-tailed deer, mourning dove, and eastern cottontail rabbit. Three-toed box turties
and skinks are frequesitly encountered in vegetation on the slope forest floor.

Aquatic habitats in the quarry vicinity also support a variety of fauna. Waterfowl such as
wood ducks and Canada geese have been sighted on the Femme Osage Slough, along with red-
eared sliders, great biue herons, and beavers. The MDC has recorded more than 105 species of
fish in 8t. Chartes County (Ref. 20). Fish surveys of the Femme Osage Slough have recorded
carp, catfish, gar, sunfish, crappie, am_:t a variety of minnows and shiners. A total of 12 fish
species have been observed in Little Fernme Osage Creek (Table D-t of Appendix Dj.

Several species classified as Federal and State rare or endangered occur in St Charles
County and are listed in Table D-2 of Appendix D. No designated critical habitats for these
species exist near the quarry (Ref. 21). The Howell Island Conservation Area, across the
Missouri River from the quarry, provides an important night roost for wintering bald eagles {a
. Federal Jisted threatened species). The pallid smirgeon, a Federal listed endangered species, has
been reported in the Missouri River near the quarry. Sturgeon chub and sicklefin chub, listed as
Federal Caiegory 2. have been recorded in the Missouri River downstream of the quarry.

The MDC reports 15 State endangered, 17 Staié rare, and 10 State "special-concern”
species within St. Charles County (Refs. 22 and 23). The Cooper's hawk and wood frog, both
State rare species, have been reported at the Weldon Spring Conservation Area. The wood frog
also has been observed in the deciducus forest area to the north of the quarry (Ref. 24). The
northern harrier, loggerhead shrike, Swainson's hawk, and bald eagle have been observed within
the Weldon Spring Conservation Area. The Blanding's turtle, a State endangered reptile, although
not observed at the Weldon Spring Conservation Area, has been s:ghir,d at the Busch Cﬂnsewauun
Area approximately 4 miles north of the quarry. '

5.2  Previous Investigations, Major References, Other Data Sources

A number of ecolegical surveys have been conducted in the area of the Quarry Residuals
Operable Unit. A brief synopsis of each study, including the scope, summary of results, -
organization responsible for the study, and references is in Appendix D (Table D-3). Populations
and community structures within these groups of organisms have been adequately characterized;
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therefore, additional surveys of these biofogical groups were not made a part of the remedial
investigation for this operable unit. '

In sumunary, these studies pmwded the following observations:

-+ - No differences observed in the contaminated and reference aguatic commumhes a8
studied for fish, turtles, benthic invertebrates, and zooplankton. :

- »  Biouptake of uranium in.the:' aquaﬂc community is occusring only in fish, but-not at
levels which would pose a threat to human health. '

5.3  Description of Tasks for Remedial Investigations-

Ecological characterization activities were identified in the Work Plan for the Remedial
Investigation/feasibility Study - Environmental Assessment for the Quarry Residuals Operable Unit
(Ref. 1)y and Quarry Residuais Sa}rgpifng Plan (Ref. 2} to facilitaie comparison of ecological
conditions in the area of the operable it with those of background locations. Some of these -
activities, as described in Appendix D (Fable D-4), were not completed due to spring and summer
. flooding in. 1993, 1994, and 1995. The flooding not only kept surveys from being conducted
while areas were covered by water, but it strongly impacted the terresirial and wetland habitats
and biota. Because work was disrupted for three consecutive years, it was determined that
additional data would be biased by the flooding and would not yield meaningful information.
Figure 5-1 shows study and reference areas.

5.4 . Summary of Ecological Results -
The following sections summarize the results from the ecological activities.
5.4.1 Herpetofauns Survey Resulis

Herpetofauna surveys were conducted to determine if State or Federal listed reptiles -or
amphibians inhabit potentiaily contarmimated areas in the vicinity of the quarry. The richness and
relative abundance of harpetofauna near the quarry and vicinity were compared to those at the
Hamburg Quarry, approximately 1.5 miles to the northeast, which was used as a reference-
location. Figure 5-1 shows the locations of the stady areas (T-1 and T-2) and the reference location

®RT-1).
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No State or Federal listed species ‘were found during these surveys. Survey data were
collected by visual techniques (sighted or caught by hand), audio techniques, and by capture within
shelter/trap arrays. A total of 15 different species were found within the study locations, and six
species were found at the background location. Common species were the gray treefrog, five-lined
‘skink, and ground skinks. The species observed-were typical of the habitats where they were
found. The species observed at both study Jocations and the reference location are summarized
in Appendix D (Table I»-5).

8.4,2 Vegvetaﬁon Survey Results

Vegetation surveys were cﬂnductad to characterize plam communities within the npe.rablc
unit and its vicinity. The survey data were then used to:

1. Compare vegeiation near the quarry to reference iocations.

2. Compare percent cover, cover class, and other parameters near the quarry with these
characteristics at reference locations.

3. Determine if any State or Federal Yisted species are present within the quarry area,

4. Provide a preliminary evaluation of fannai - fuod resources which could be
contaminated.

' Surw:ys were conducted in the following areas (see Flgure 5-1 for lﬂcatmns}

« The uplandareabetweenﬂmsmu&nmnfthequarryandﬂwl(atyﬁaﬂ (Study - Area
T-1: 24 sampling stations along six transects}, '

s The upiand area east of the Hamburg Quarry north ufthe_Kat}f Trail {(Study Area RT-1:
24 sampling stations along five transects).

« The lowland area at Vicinity Property No. 9 (VP-9) (Study Area T-2: 31 sampling
stations along three transects). '

« The lowland area along the southwest edge of the Femme Osage Slongh (Study Area
T-3: 24 sampling stations along two transects).

» The lowliand area along the cast edge of the Ferrme Osage Creek (Study Area T-4:
30 sampling stations along two transects).
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The following vegetative layers We_re idz:m.iﬁéd and tabulated during the surveys:

+  Trees with trunk diameter at breast height (DBH) greater than 10 cm (characterized
using point-quaner method).

+ Tree saplings-and shrubs with trunk/stem DBH less than-16 em (using & 2-nf quadeat).
» Vines {using a 2 m* quadrat),
» Herbaceous vegetation (using a 1 m¥ quadrat).

Visual surveys for the presence of listed plant species were also wnducted during the
routine vegetation surveys. Identification of potentizl faunal food resources was to be based on
observed plant species and whether the plants (or pertions thereof) are food sources for wildlife. .

Initial field activities were conducted during May and June 1995. Heavy precipitation
caused extensive flooding of the Missouri River during surveys of the lowland areas and prevented
completion of surveys for Study Areas T-2, T-3, T-4, and the related reference areas. The only
portion of the planned surveys completed was associated with the upland study areas (T-1 and
RT-1). Because the surveys were conducted early in the growing season, herbaceous layers were
just beginning to form. Thexefore, herbaceous vegetation in most sampling quadrats represented
an insignificant percentage of the ground cover {(which usually eonsisted uf leaf litter at the time
of sampling).

The number of tree and sapling/shrub species observed in Study Areas T-1 and RT-1 are
listed in Appendix D {Tables D-6 and D-7) Both areas are mature cak/hickory forests, although
the dominant oak and hickory species in each area are differeni. The dominant trees at Study Area
T-1 are northern red oak and mockernat hickory, while the dominant trees at Study Area RT-1 are
persimmon, black oak, and bur cak. The understory commmnities (i.e., saplings, shrubs, and
vines) at both T-1 and RT-1 are typical of oak/hickory forests being dominated by dogwood,
redbud, elm, black oak, sumac, trumpet creeper, and varicus grapes. Species diversity and
community equality were evaluated using the Shannon Index and Mann-Whitney test, respectively
(Appendix D [Tables D-6 and D-7}). These tests indicated that there are no significant differences
between the tree and sapling/shrab communities in the quarry and the reference area.

In lowland study areas (T-3 and T-4), only tree data were collecied, whereas data are
available for all four vegetative layers at Study Area T-2. Because data associated with
comparable reference areas could not be collected, no formal evaluations could be made., In
summary, the tree communities at each of the three lowland study areas appear to be fypical of
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Missouri floodplain forests, dominated by common species such as cottonwood, silver maple, box
elder, green ash, and various willows.

State and Federal Jisted plant sPe.cFes were not observed during the routine vegr:muun
surveys. Plant species that represent poteqmal food resources for local wildlife are identified in

- Appendix D) (Tables D-6 and D-7). Typwaly, wildlife food sources from these plants consist of

fruits, nuts, and seeds, and occasionally tendler twigs and shoots. Tn addition, most of the common
vines in the study areas, such as Virginia creeper, trumpet creeper, bittersweet, and several species .
of grape, are an important food source for songbirds, upland game birds, deer, and small
mammals.

5.4.3 Threatened and Endangered Species Survey Results

Threatened and endangered species #mejrs were conducted for four kisted species that have.
been observed in the area of the Quarry Residuals Operable Unit to determine if the area was
being utilized for feeding, nesting, and/or raosting activities. These species itclude the bald eagle,
loggerhead shrike, Swainson's hawk, and northern harrier. '

The only State or Federal listed species observed during these surveys within the area of
the operable unit was the bald.eagle. The surveys were conducted along the St. Charles Counity
well field levee near the boat ramp, which: provided a clear view of the Missouri River, Howell
Island (a known wintering area for bald eagles), and the St. Charles County well field. Bald
eagles were observed roosting on Howell Istand and periodically in trees along the levee of the
well field. Many individuals were observed flying along the Missouri River, probably foraging
for food. No individuals were observed flying, roosting, or foraging within the well field. Data
collected during bald eagle surveys are summarized in Appendix D (Table D-8). '

5.4.4 Wetland Delineation
Wetland delineations have been initiated along Femme Osage Creek, Litle Femme Osage

Creek, and the Fernme Osage Slough in accordance with the U.5. Army Corps of Engineers
guidelines (Ref. 25). These areas have been identified as wetlands on the U.5. Fish and Wildlife

_ Service National Wetlands Inventory map (Ref. 26).

Femms. Osage Slough
- Open waters associated with the Femmme Osage Slough are classified by the National
Wetlands Inventory as unconsolidated bottom, lower perennial riverine wetland, or permanently

flooded wetlands (Ref. 26). The slough supports a diverse aquatic commuaity including namerous
macroinvertebrate, amphibian, and fish species. Potential jurisdictional wetlands are located at
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the-end of ﬂlE northwest arm where hydmphync vegetation ooccurs along the banks of a shallow
expansion of the slough. Dominant plant species on the lower shatlow slope inchede false
pimpernel, cotionwood seedlings, and arrowhead. Slightly higher on the bank, the dominants
" include purple ammannia, beggar-ticks, flatsedge, and love grass. Jurisdictional wetland
determination would require evaluation for hydric soils. = : :

Hydrophytic vegetation also occurs along the south bank of the slough. These communities
‘occur sparsely (less than 20% areal coverage) in areas of exposed sediments along the lower
portion of the bank during the middie to fate part of the growing season and after.surface water
levels have dropped. “Domninant species are flatsedge. false pimpernel, love grass, cottomwood
seedlings, and purple ammannia. Areas higher on the bank are vegetated variously between 20%
(on steeper slopes) and 100%. Common species within these communities include beggars ticks,
love prass, box elder, sitver maple, biack willow seedlings, gre:en ash, pigweed, ﬂ&tsedge. and
morning glory. ' . .

The Little Femine Osage Creek is identified by the National Wetlands Inveatory as a lower
perennial riverine wetland with an intermittently exposed, unconsolidated botiom. Temporarily
flooded pahustrinie forested wetlands occur sporadically along portions of the creek. Notth of the
Katy Trail, the creek area supports a variety of forested and herbaceous vegetation commmnities,
that are dominated by hydrophytic species such as clearweed, silver maple, box elder, American
elm, beggar-ticks, smartweed, lady's thumb, wood nettle, aixd white grass.

The banks of the Little Fernme Osage Creek south of the Katy Trail are sparsely vegetated -
and lack a well developed floodplain. A dike extends along the east side of the creek.. A portion
- of the creek is identified in the National Wetlands Inventory as a temporarily flooded, palustrine
forested wetland, and scrub-shrub wetland. Common species in vegetated areas along the banks
inciude dogbane, sandbar willow, pigweed, flatsedge, blue vervain, and beggars ticks, This
portion of the creek has been rerouted to form a new confluence with the Femme Osage Creek.

Femme Osage Creck

The Femme Osage Creek, downstream of the confluence with the Little Femme Osage
Creck, has been reroutesd to Torm a new confluence with the Missouri River. The channel is steep
sided and bordered on each side with dikes. The creek is classified by the National Wetlands
Inventory as a lower perenndal riverine wetland with a permanently flooded unconsolidated
bottom. A narrow band along the right side of the channel is identified as a temporarily flooded
palustrine emergen: wetland. The creek lacks a well developed floodplain, although forested areas
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to the north of the creek uccasinnall_y_ retain overbank floodwaters and support hydrophytic species
- such as silver maple, box elder, beggars ticks, false nettle, arrow head, and buttercup.

5.5 Significant Observations

The ecological investigations indicate that there are no adverse impacts to biological
- . communities in the vicinity of the quarry. This conclusion is based on the following: .

-o  Survey data-indicate no sig:ﬁﬁcant differences .in species diversity and community
' equality between sty areas and reference areas for trees and saplings/shrubs.

. Cammunities south (}f the quarry are typical of Missnuri flocdplain habitat.

» Fish surveys conducted at the Femme Osage Stough and Little Fernme Dsage Creek
show a diverse and typlcal fauna is present.

» Herpetofauna survey results indicate no éignificant differences between numbers and
types of species observed at the quarry and the reference location. :

« No State or Federal listed species were found during herpetofauna and -vegetation
© surveys. Federal threatened bald eagles were observed during winter surveys in the. .
area between the guarry and the Missouri River.

+ Potential wetland areas eXist in the guarry residual area and will requlre fl.u'ther
~ delineation if remedial action is taken in these areas.
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6 SOIL INVESTIGATIONS

This section summarizes the results of soil investigations performed te establish-
background levels for site refated contarninants in soils and to evaluate the vertical and horizontal
extent of soil contamination, both inside and outside the quariv. A lithologic description of the
units of interest is also presented, with.an emphasis on factors that could affect groundwater
movement. Contamination of soil and bedrock in the quarry proper is discussed separately from
areas outside the quarry because these areas are composed of different soil types and were
contaminated by separate processes. '

6.1 Previous Investigations

In 1979, Lawrence Berkeley Laboratory sampled soil along the rim of the quarry and north
and south of the slough (Ref.-27). In 1984, Oak Ridge Associated Universities performed soil .
sampling 10 a depth of 3-ft to determine the extent and magnitude of radionuclide contamination -
along the perimeter fence at the quarry and in the area of the Femme Osage Slough (Ref. 28). In
addition, United Nuclear Corporation collected samples from the surface to the top of bedrock
north and scuth of the slough (Ref, 29). Information derived from these studies. formed the basis
for the quarry residuals investigations. :

6.2 Quarry Proper
6.2,1 Soil and Ro_r.:k

Unconsolidated soils in the quarry area inchude glacially derived loess; residual soit formed
by weathering of the bedrock (residuur); and sediment deposited by the Missouri River and its
tributaries (alluvium).

Loess, a silty clay soil developed from wind-blown materials deposited during and
following the Wisconsin glaciation (Ref. 30}, is present in upland areas including the rim of the
quarry. Borehole logs indicate that the loess deposits in the vicinity of the quarry are from 15 ft
to 30 ft thick and are likely composed of the Peoria Loess and Roxana Silt. These loess deposits
are not saturated in the vicinity of the quarry.

Residuum, a stiff clay with chert and limestone fragméms, is the product of weathering of
the underlying limestone and is present on the bluff and in areas north of the quarry. Based on
geologic logs, the residuum ranges from 3 ft to 18 ft thick and is not saturated in the vicinity of
the quarry. : :
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Native soils (loess and residuum) adjacent to the rim of the quarry were disturbed during
mining of the quarry and waste disposal activities, Undisturbed soils (i.e., soils that were not
moved from their natural location) may underlie disturbed soils; but in some areas, disturbed soils
comprise the entire surface-to-bedrock interval. The soil cover along the quarry rim ad on an
isolated limestone knoll inside the quarry is up to 30 ft thick. Near-vertical fractures intersecting
the Kimniswick-Limestone walls and benches of the ‘quarry-are-also fﬂl.nd with disturbed and
undisturbed soils.

Soil, gravel, and sediment from surface water Tunoff and remediation activities have
accurmulated in floor fractures and depressions and in the lowest portion of the guarry; veferred
to as the “sump. Flmrdepressmnsarebroadfeamrcsgreatcrﬂngftdeep Sediment thicknesses
in the floor depressions and in the "somp” range from less than 1 in. to approximately 13 in., baut
are typically less than 3 in. in depth.

Floor feactures in bedrock units are restricted to the Kimmswick Limestone benches (the

484 f bench and the 500 ft bench) and are generally less than 0.5 ft wide, with a few exceeding

2 ft. The trend, frequency, and aperture of quarty fractures are discussed in detail in Section 3.

The volume of soil, sediment, and-rock material in fractures and depressions is minor compared
0 the total volume of rack and soil present in the quarry.

6.2,.2 ‘Remedial Investigations - Quarry Proper

Soil was sampled at locations within the quarry proper and at two background locations -
as shown on Figure 6-1 and a5 detailed in Table E-1 of Appendix-E. Some soil samples were-
. taken prior to completion of the bulk waste removal in areas that would eveninally be inaccessible,

Sampling was-designed 10 meet the following objectives: :

L. Identify contamination in disturbed soils, fracture soils, and sump soils (residuals)

remaining after bulk waste removal. Because the performance criteria for bulk

waste removal were based on visual - observation, screeming guidelines were

established to guide additional removal processes (Ref. 2). Samples were collected

on 30 ft (or smaller) grids from the surface to 5 ft, with additional random samples

collected to a depth of 3 ft. After excavation of soils which failed the screening

guidelines, newly exposed surfaces were: resam;:-led for parameters that prompted
removal dction. '

2. Characterize contaminant levels in res:dual soils after the bulk waste removal was
mmplated '
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Samples were analyzed for radiomuctides, nmamnmuc compourds (1,3,5-rinitrobenzene;
1,3-dinitrobenizene;  2.4,6-trinitrotoluene; - 2.4-dinitrotoluene;  2,6-dinitrotolugne;  and
nilrobenzene), metals, polynuclear aromatic hydrocarbons (PAHSs), and polychlorinated biphenyls
{(PCBs). '

FIGURE &-1 Soif in Quarry Proper: Sampling Locations -

In addition to soil sampling in the quarry proper; rock comprising the inner quarry walls
was also investigated for radionuclide contamination. Other contaminants were not investigated
because only radiomuclides were found at significantly elevated leveis in quarry soil. . Gamima
detectors (Nal and Geiger-Mueller) were used to measure radiclogical comamination on rock
surfaces. As stated in the sampling plan, the bottom 6 ft'of the quarry walls was assume to be
the critical area for contamination because this area was in direct contact with the bulk waste. In
addition to gamma measurements of rock surfaces, a pressurized ion chamber (PIC) detector was:
used to measure the dose from ambient garmma radiation at 16 locations in the quarry.

6.2.3 Nature and Extent of Soil Contamination in the Quarry Proper
Sample locations inside the quarry proper, including background locations, are shown on

Figure 6-1 and are detailed in Table E-1 of Appendix E. Background samples were analyzed for
- radiochemical and geochemical parameters and metals (Table H-5, Appendix H). Data on soit in
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the quarry proper are divided into three groups based on location characteristics. These groups
- are: :

v Soil Loose soils mantling rim and slopes.

« Fractwres Soils and sediments in wall and floor fractures.

+  Sump Sediments on ramyp and floor of surap.

6.2.3.1 Soils, Laboratory results from soil sampling in the quarry proper are

summarized . in Appendix E (Tables E-2 through E-5). The soll data sets contain results from
undisturbed soils and remediated surfaces within the quarry proper. For naturally occurring
paramelers, the upper 95% confidence limit about the mean for the sample group (UCL95) was
compared to the upper 95% confidence limit about the means for derived background (UCLI5y),
as described in Section 3. This comparison is illustrated in Figure 6-2A. Maximum values for
nitroaromatic compourxs are shown in Figure 6-2B. Based o criteria given in Section 3, six
metals, six radionuclides, four nitroaromatic compounds, PAHs, and PCBs are identified as
potential contaminants. .

Disturbed Soils: Disturbed soils on the rim and knoli of the quarry have background or low
contaminant levels. As shown in Figure 6-2A, many parameters exceed background, but only
selenium, silver, zinc, Ra-226, and Th-230 are present at significantly elevated levels (ratios > 2
in Figure 6-2A). None of these contaminants exceed the screening guidelines given in Section 3
(Ref. 6). In comparison to radium and thorium, uranium levels are notably low in disturbed soils.

Elevated soil contaminant levels primarily occurred in the highest part of the quarry on the
northeast slope (Figure 6-1). This area was remediated during the Iast phases of bulk waste
removal. Prior to remediation, the northeast slope contained small isolated pockets of concentrated
radium- and thorfur-rich material interspersed with disturbed native soil. The random, discrete
distribution of these materials, location in the highest part of the quarry, and the characteristic
insolubility of radium and thorium in the pH range of quarry soils indicate that contamination in
this area resulted from primary deposition of waste material, not mobilization and redeposition.

Characterization of soils along the north and east face of the quarry nim was not completed
due to access problems. Although samples collected from the top of the north rim did not show
contamination, elevated levels were discovered near an area called the "triangle” (Figure 6-1).
The remains of a buried drum containing Ra-226 wastes were discovered and removed near this
area, but elevated radiation detector readings indicate that additional contamination may still be-
present. This area cannot be safely accessed to continue characterization. Plans are being prepared
to provide safe access for characierization and potential remediation.
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 The distribution of comaminanis in the "triangle” area appears to be similar to that of the
northeast slope of the quarry {Figure 6-1). Wide dispersion of the contaminants is not expected.
Plans for safely accessing the triangle and the north and east soil faces are being developed. Under
current planning, these arcas would be sampled and remediated, if necessary, during quarty
restoration. A small area of residual contamination in a ditch next 10-the asphalt pad will alse be
removed during' restoration. These activities will be. described in relevant -engineering -and
sampling plans. Results of these actions will be presented in appropriate documents and will also
be incorporated into the Quarry Residual Administrative Record.

Fracoires: Fractures in the quarr:,r wall comtain mostly undisturbed soils and have low
tevels of contamination. In conirast, fractures and depressions in the quarry floor contain
sediments that have been eroded from the rim and higher benches. In some fractures and
depressions, fine-grained material containing radium, thormm, and uranium are present. All
radium, thorium, and wranium isotopes. are significantly elevated with respect to background, but .
do not exceed the screening guidelines presented in Section 3. Aluminum, selenjum, and silver
ate also elevated in these sediments, but other metals are only slightly above background. None
of the metals exceed the screening guidelines. (See Section 3.}

Undisturbed soils are kikely present in the deeper portions of fractures intersecting the
benches but are not documented for this sady. Attempts to sample the deeper portions of these
fractures were not successful because sampling devices (augers) encountered rock proirusions and
irregularities at relatively shallow depths. Samples of fracture fill were collecied -from three
shallow botings on the 484 fi bench, but the deepest boring extended only 4 fi before encountering

" rock, Sample results from these borings indicate that efevated concentrations of uranium are
present at ali levels sampled. Because concentrations do not appear 1o diminish with depth,
vranium-coniaminated sediments probably are present deeper in these fractures.

Sump Sediments: Soils in the sump area consist of materials that have eroded from the
rim, benches, and fractures of the quarry. Sediment has been transported to the sump during
major storms and alsc during washdown of the quarry in the final stages of bulk waste removal.
Miich of this material was removed, but a thin layer (< 0.5 ) remained after bulk waste remaval.
As in the floor fractures, the major contaminants in the sump are radionuclides {Ra-226, Th-230,
and U-238). However, only Ra-226 exceeds the screening guidelines. Low levels of PAHSs were
detected in some samples. Plausible scurces of these confaminants are surface water Tunoff from
nearby asphalt areas used for equipment access and lubricants from equipment operafing in the
quarry.

6.2.3.2 Rock Surfaces. Results from radiclogical surveys of the quarry rock
surfaces {(benches and walls) performed from January to May 1996 are shown in Figure 6-3. With
one exception along the north wall, survey readings were at background, indicating that the bulk
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AEMEDIAL INVESTIGATIGN FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING BITE, WELDON SPRING, MO

wasie had not contaminated the bedrock. A small area of contamination was detected below the
500 ft bench where a Tusting drum containing radiological wastes lay against the northeast wall.
Prior to butk waste removal, the rusting of this drum resulted in accumulation of iron hydroxides,
which readily soeb metals such as uranium, radium, and thorium, on the quarry watl.

Otlier elevated survey readings (Figure 6-3) occurred in floor: fractures.or depressions
where sediment and fine particies of waste materials, especially yellow cake, have. accumnlated,
 These materials may be residual from the waste storage period or may have collected in these areas

during wash-down activities and subsequent rainfalls. :

Results from the PIC measnrements are shown in Figure 6-4 performed during May 1996.
. Gamma radiation dose rates were measured 1 m above the floor of the quarry at several locations
as desigpated on the map. Most of these measurements were made using & Reuter-Stokes
Environmental PIC. Later, a portable gamma-ray scintillation delector with the response
calibrated in micro-Roentgens per hour (/R/hr) against a sealed Ra-226 souroe was substifuted and
provided equivalent readings. The portable instrument was preferred because it was easier to
handle, and instrument response checks were easier.

6.3  Outside the Quarry Proper
6.3.1 Soil Materials

Alluvial sediments are present in the valleys along the Missouri River, the Fernme Osage
Creek, and the Little Femme Osage Creek. Differences in composition and grain size are
dependent upon depositional history and parent material. Up to 120 ft of alluvium was deposited
in the Missouri River floodplain and is divided into a fine-grained unit and a coarse-grained unit.

Fine-grained alluvium was deposited primarily during floods associated with the Missouri
River, the Femme Osage Creek, and the Little Femme Osage Creek. These sediments have
accumulated in overbank and backwater areas throughout the floodplain. Fine-grained deposits
comprise the upper 15 ft to 25 ft of the Missouri River floodplain am consist of silty clay and
clayey silt with organic matter and.some fine sand. The coarse-grained allavium consists of fine-
to medium-grained sands with some silt grading to coarse-grained sand, cobbles, and boulders
with depth. Approximately 20 ft to 80 R of coarse-grained alluvium is present at the base of the
ficodplain. - '

Near the quarry, fine-grained deposits also comprise the full section of the alluvium
associated with the Little Femme Osage Creek. These deposits are reworked glacial tills eroded
from upland areas north of the quarry and consist of silty clay and clayey silt with alternating
tayers of fine sand, sandy silt, sandy clay, and stiff clay with gravel.
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REMEDLAL INVESTISATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

6.3.2 Remedial Investigations - Outside the Quarry Proper

Surface and subsurface soils were collected outside the quarry 1o characterize the horizontal
and vertical extent of contamination. Sampling focused on the area south of the quarry, especially
between the Katy Trail and the Femme Osage Slough. This area included Vicinity Property 9,
which was remediated in 1996 under the Chemical Plant Record of Decision (Ref. 9).

During an iitial study in support of this remedial investigation (Ref. 31), surface samples.
{0 ft to 0.5 ft) were collected from 14 sampling units in the area between the Katy. Trail and.the
slough (Figure 6-5). A composile sample was prepared from nine random samples obtained from
each of these units. The composites were analyzed for radiomuclides, sulfate, metals, and
nitroaromatic compourkls (1,3,5-TNB; 1,3-DNB; 2,4.6-TNT; 2,4-DNT; 2,6-DNT; and
nitrobenzene). '

.

-y
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FIGURE 6-5 . Soil Qutside the Quarry Proper: Surface Sampling Locations

In a second investigation, surface ani subsurface samples were collected from soil borings
taken in the quarry area, the St. Charles County well field, and at three background locations’
(Pigure 6-6). In most cases, these borings extended to bedrock. Sample intervals were 0 ft to 0.5
fi, 0.5ftto2 f, 2 fi to 5 ft, and at 5 fi or 10 ft intervals to bedrock. All samples were analyzed
for total uranium and arsenic. Sefected samples were analyzed for analytical parameters defined
in Table H-5, Appendix H. A summary of the sampling locations, coordinates, and intervals, as
well as boring logs, are provided in Table E-6 and Attachment E-1. Data from the upper 2 ft
interval for borings 25, 27, and 38 (Group 8Q) wers not included in data summaries and statistical
analyses because these soils were removed during remediation of Vicinity Property 9.
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AEMEDIAL INVESTIGATION FOR THE QUARRY RES!DUALS OPERABLE UNIT: WELDON SFRING SITE, WELDON SPRING, MO

6.3.3 Yicinity Property 9

. Vicinity Property 9 (VP 9) was an area between the quarry and the slough and south of the
Katy Ttail where eranium contaminated soils were identified by investigations performed duzing
the 1980s. The contaminated arez was approximatety 550 feet long, 200 feet wide, and opposite
a bedrock fracture zone described in Section 8, The highest uranium levels were found at depths
ranging from 2 to 5 feet below ground surface, and the contamination was attributed to
groundwater flow from the quarry (Ref. 28, 29, and 30). '

: More recently, several borings were advanced 1o bedrock, and soils were sampled in the
VP 9 area as part of this Remedial Investigation. Laboratory results indicate that the highest
uranitm levels were in the upper 6 inches of the soil profile, which also contained abundant
organic material (Table E-7, Appendix B). Elevated uranium levels were identified though the
entire length of borings QRSB-25, 27, 38, and 40, In the remainder of the borings in the VP 9
area, uraniom contamination was limited to specific intervals which correlated to zones of iron
oxide staining or higher contents of organic material. Intervals with a relatively high percentage
. of sand showed the lowest uranium levels. The VP-9 area was kater remediated in January 1996
under the Chemical Plant ROD (Ref.9).

5.3.4 Natnre and Extent of Soil Contamination Qutside the Quarry Proper

The analytical results from soil samples taken outside the quarry proper were separated into
four groups as shown below based on location:

+  Group WQ: Soils west of the quarry and north of the slough
~»  Group EQ: . Soils east of the quarry and north of the slough
~+ - Group SQ: Soils south of the quarry and north of the sluugh

. Gmup SS Soils south of the slough

For maturally cccurring parameters, the UL93, for each group was compared to the UL95,,
as defined in Section 3. This comparison is shown on Figure 6-7A. Based on the definition in
Section 3, four metals, three inorgamic amions, three radionuclides, and four nitroaromatic
compourds have been identified as potential contaminznts (Figure 6-7A). None of these poiential
contaminants exceed the screening guidelines presented in Section 3. The following discussions
focus on these pirameters and detected anthropogenic parameters (Figure 6-7B). Data for the
sample groups are presented in Tables E-8 through E-10 of Appendix E.
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FIGURE 8-7A Soil Qutside CQuarry Proper: Background Comparison for Naturally
Occursing Parameters '

The bar graphs display the UCL95 value for each data group {UCLS5,} divided by the UCL25
value for darived background (UCL9E,). Values greater than 2 indicate significant deviation

from background {Section 3] Mote: Ratic set to 1 if 700% of sample data wers below the limit
of datection.. '
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- 6341 Potential Contaminants. Levels of Pb-210, Ra-226, Ra-228, Th-228, and

* U-238 exceed background in at least one of the four soil groups. With the exception of U-238,

Pb-210 (EQ), and Th-228 (SQ and SS), radionuclides are conly- slighily above background. In

general, the highest radionuclide levels occur i soil directly south of the quarry (Group SQ), with .

. the highest U-238 levels occurring near the former Vicinity Property 9 area. In soils east and west
of the quarry, elevated U-238 levels generally occur in the 2 fi to 5 fi interval. :

Chloride, fluoride, and sulfate significantly exceed background in at least one sotl group
in the gquarry area. Chloride and fluoride levels are above background in soils west of the quarry .
and suifate levels are above backgrour in soils south atkd west of the quarry. The highest valaes
occur.-in surface samples of soils directly south of the quarry. Elevated sulfate was identified at
a depth of 40 ft to 45 ft in boring 31 west of the quarry. ' '

Lead and zinc are the only metals significantly above background, as shown on Figure
6-7A. The highest concentrations of these metals are found south and east of the quarry. Other
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metals that marginally exceed backgmﬁnd are rmﬂunﬂy-distﬁhuted throughout the sample groups.
- In general, the highest metals concentrations occur in the upper 5 ft of the soil profile.

Low levels of nitrearomatic compounds wese detected in soils to the east, west and south
of the quarry (groups EQ, WQ and SQ}. The highest levels were measured.in Group 5Q as shown
* on Figure 6-7B. These compourds were generally detected in the upper 5 fi interval, but- were

also found in the 10 ft to-2( ft interval at some locations. Nitroaromatic compounds were not
detected in soil samples collected from locations south of the stough. L

- Several pesticides, PCBs, semivolatile compounds, and volatile compounds. were detected
at low levels at isolated locations. These parameters are identified in Table E-10 of Appendix E.
Detections of common laboratory contaminants, such as acetone and methylene chioride, are
considered suspect and not representative of soil in the areas sampled.

6.3.4.2 Extent of Contamination: Outside the Quarry Proper. Soils contaminated
with uranium and nitroaromatic compourxls are generaily limited to the area directly south of the
quarry, which inchudes the Vicinity Property 9. During excavation of soils in this area, field
personnel noted that the highest concentrations of uranium were associated with tree roots and a
shallow, dark layer of soil, which was assumed to be vich in organic matter. The apparent
association of high uranium levels with organic matter, which readily sorbs uraniem (see
discussion of Kd values in Section 9), is consistent with the hypothesis that groundwater carrying
dissolved uranium was responsible for contamination of Vicinity Property 9 (Other observations
that support this hypothesis, include: '

« . Vicinity Property 9 is downgradient of the quarry.
» Elevated levels of uranium are present in groundwater i this area.

« Other relatively insoluble radionuclides, such as thorium and radium, that are

* associated with uranim are not present at similarly elevated levels in these soils. The

absence of these species indicates that spills or discharges of water from the quarry are
not likely sources.

Groundwater transport and subsequent sorption of uranium on crganic material and iron
and manganese oxides or precipitation of solid phases in anaerobic soil zones, may also be
responsible for the sporadic occurrences of elevated uranium at deeper levels. Nitroarcmatic
compounds detected in the upper 5 ft of soil alse likely result from groundwater transport and
sorption on organic mattsr. The cocurrence of nitroaromatic compounds at deeper intervals may
reflact the presence of organic material in ihese areas, as niiroaromatic c-::rmpnuuds are not readily
sorbed onto seils (Ref. 59)
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The metals and various organic compounds that have been detected at slightly elevated
. Ievels in shallow soils south and east of the quarry may have been transported in groundwater from
the quarry to these areas. However, groundwater transport from the guarry is not the only
plausible source of metals. They could also be-derived from flood-related overbank deposits. of
fine -sediment carried by the Missouri River or from runoff from the former Weidon Spring
Ordnance Works down the original Little Femme Osage Creek drainage. These sources are
discussed in Section 7 as plausible contributors of elevated metals in the Fennme Osage Slough and
the Little Femme Osage Creek. : :

6.4  Significant Observations
» Limestone bedrock in the quarry proper does not have fixed conamination.

« Soil in wall fractures within the quarry has backgruund'ur low levels (less than two
© times background) of contamination.

+ Isolated areas of contamination are present in the “triangle” area and in a ditch south
of the asphalt area. Characterization in the “triangle” area will be performed when safe
access has been established to this area. These areas are scheduled to be remediated
during quarry restoration activities.

'« Soil in quarry floor fracmires arxi depressions and at the base of the sump is
contaminated with radium, Th-230, and pranium. Other contaminants are either
present at low levels or were not detected. '

-« Low levels of uranivm are sorbed onto soils located between the quarry and the slough.
Low levels of other contaminants (radionuclides, nitroaromatic compounds, and
metals) also oceur in this area, primarily in the upper 5 ft interval. Transport of
contaminants to this area by groundwater appears to be a plausible expianation for
elevated uranium and nitroaromatic levels.

» Overbank flooding by the Missouri River may be a source of elevated metals in surface
soils south of the quarry.
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. 7  SURFACE WATER AND SEDIMENT INVESTIGATIONS -

This section describes surface water features in the vicinity of the Weldon Spring Quarry
and presents data collected to characterize the nature and extent of contarnination in surface water -
and sediments. Plausible soutces of contamination for these media are evaluated, and the
interaction between surface water and groundwater is examined. '

7.1  Physical Description

Precipitation falling in the vicinity of the quarry infiltrates into the subsurface or flows -
* overland to drainages and streams which carry water to the Missouri River. Significant surface
water features are shown in Figure 7-1. ' '

Near the quarry, most surface runoff is captured by the Little Femme Osage Creek and the
Femme Osage Creek (Ref. 8). Minor mnoff also flows into the quarry ami collects in the sunp
area, thus contributing to the quarry pond. The Lirtle Ferme. Osage Creck, which is inmediately
west of the quarry, drains upland areas to the north and joins the Femme Osage Creek.
approximately 2,000 ft southwest of the quarry, Below this confluence, the Femme Osage Creck
flows east to the Missouri River, which flows in a northeasterly direction approximately 1 mi'to -
the south of the.quarry. Flow gradients in the lower reaches of the Femme Osage Creek and Little -
Femme Osage Creek are relatively flat. At high water stape, the Missouri River backs up into
these creeks causing flow rates to decrease and water levels to rise. During these periods, creek
and river water mix, and fine-grained sediments carried by the river may be deposited in the creek
channels. :

The Femme Osage Slough is an isolated, 1.5 mi long body of water approximately 300 ft
south of the quarry. The slough was formed in 1960 when downstream reaches of the Femme
Osage Creek and the Little Femme Osage Creek were cut off from their natural channels by a
levee constructed by the University of Missouri to prevent flooding of nearby farmtand and the
St, Chartes County well field (Ref. 33). Pre-1960 channels for these streams are shown in Figure
7-2.

Although the floodplain south of the quarry is protected by a levee, flooding is commeon
in this area. Recent ficoding of this area occurred in 1993, 1994, and 1995, and typically occurs
every 3 to 5 years, The levee system also slows recession of flood waters. After flood events,
1 fo 2 months are required to fully drain flood waters from this area (Ref. 8). Water elevations
for 100-year and 500-year floods at Missouri River Mile 49 (near the confluence of the Femme
Osage Creek and the Missouri River) are 472.8 ft above mean sea level (MSL) and 474.6 ft MSL,’
respectively (Ref. 8). The 100-year flood elevation on the Femme Osage Creek is 474 1t -
(Ref. 34). :
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L E G E N D

SURPACE WATERVZEDIMENT SAMPLING LOCATION
CUARRY BOUNDARY '
WILDLIFE AREA, BOUNDARY

- HISHOFE DRAINAGE PATTERH

N,

| e e R J, o o
FIGURE 7-2 Femme Osage Creek and Little Femme Osage Creek Historic

Drainage Pattern. (Prior to 1960}

Sediments in the Femme Osage Creek, the Little Femme Osage Creek, and the Femme
Osage Slough primarily consist of fine-grained alluvium derived from erosion and redeposition
of upland glacial till soils. These sediments are interlayered with fine river sediments- deposited
during flood and high water stages of the Missouri River. Based on field observations, the slough
and creek sediments range. from tght brown silty clay to a darker brown silty ¢lay.

7.2  Surface Water and Sediment Investigations

Numercns investigations have been performed to characterize the nature and extent of
. contaminants in surface water and sediments near the quarry. Studies performed prior to these
investigations are summarized in Table F-1 of Appendix F. Surface water data have also been
presented in annmal environmental monitoring repotts (Refs. 15, 36, 37, 38, 39, 40, 41, and 42).
Tasks performed to support quarry residuals investigations are described in Appendix F,
Table B-2.
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7.3 Nature and Extent of Contamination

The results of previous amd remedial investigations are summarized in the following
sections. For éase of discussion and for statistical analysis, sirface water and sediment sampling
results are grouped by location. Surface water and sediment data collected as part of special
studies conducted in 1988, 1991, 1992, and 1994 (Refs. 43, 44, and 45) are incorporated into the
appropriate groups for statistical analysis. The sample groups are :

'« CK Little Femme Osage Creek and the downstream portion of Femime Osage
Creek (locations 1001, 1002, 1014, 1016, and 1017; special study locations
for surface water and sediment FCOE-FC06) (Figure 7-1). '

+ USL  Upper Femme Osage Slough (locations 1003, 1004, 1005, 1010, 1018,
1019, 1020, and 1021; special study locations for surface water and
sediment: FSO1-FS05 and for sediment: 4069-4076) (Figuie 7-1).

« LSL  Lower Femme Osage Slough (locations 1007, 1009 and 1022; and special
stidy locations for surface water and sediment: FS06-FS08 and sedlment
4067-4068) (Figure 7-1).

« MR Missouri River (surface waier locations 1011-1013 and sediment: 4(}9(] and
4091) (Figure 7-1). ' '

= BKG Background. (locations 1023 and 1024) (Figure 7-1).

- In addition to the locations described above, sediment samples were taken at Jocations 4067 -
through 4076 (Figure 7-1). Locations 4067 and 4068 are included in the statistical analysis for
group LSL, the lower Femme Osage Slough. Locations 4069 through 4076 are included in the
statistical analysis for group USL, the upper Femme Osage Slongh. Sediment samples were taken
along the Missori River, 4090 and 4091, and are grouped as MR. The statistical approach and .
definition of potential contamination applied to sediment data were the same -as those applied to
surface water data.

7.3.1 Background Characterization

Background data for surface wéter and sediments were collected from two locations on the
Femme Osage Creek (Figure 7-1). The background locations axe upstream of the quarry and have
not been influenced by the activities at the-quarry. During high Missouri River stage, this area
has a depositional environment that is similar to the Little Femme Osage Creek and the Femme
Osage Stough, Because data have only been collected at these locations since December 1993, the
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backgrourd data seéts are quite small. As these data sets are limited, the full range of background
variation is probably underestimated, which may lead to calculation of low values for the upper
05% confidence limit about the mean for derived background (UCL95;). Based on criteria
presented in Section 3, low values for UCL95; could increase the numher of paramewrs identified
as contaminants in these media,

Locations 1001 and 1016 (Figure 7-1) on the Little Femme Osage Creck are also
upgradient of the quarry. and were used as background locations in earlier studies. These locations

were not used as-backpround for this investigation because the Little Femme Osage Creek

confinues to receive runoff from the former Weldon Spring Ordnance Works. Locations 1001 and
1016 were grouped with the downstream tocations on the Little Femme Osage Creek (CK).

7.3,.2 Surface Water Characterization

Surface water samples were analyzed for the parameters shown on Table H-5, Appendix
H. Data summaries for samples collected from the Litde Femme Osage Creek, the Femme Osage
Slough, the Femme Osage Creek, and the Missouri River are shown in Figures 7-3A and 7-3B and
presented in Tables F-3 through F-5 of Appendix F.

Data for naturally occurring parameters are compared to background in Figure 7-3A, a
series of bar charts that quantify the magnitude by which the upper 95% confidence itmit about
the mean for the sample group (UCL93) for each parameter in each group exceeds UCLOS,.
These graphs show that mumerous parameters deviate significantly from background {i.e., have
ratios >2) and are considered potential contaminanis, Aluminum, manganese, and total uranium
also exceed water quality standards in one or more groups. - Elevated levels.of alumimemn and
manganese, which are not soluble in the pH-Eh range of surface water in the vicinity of the
quarry, probably reflect incorporation of suspended sediment in the samples. Uranjum is the
primary contaminant in surface water in the vicinity of the quarry. Locations where uramnium
levels exceed background are shown in Figure 7-4. Nitroaromatic compounds were oaly detected
in the Little Femme Osage. Creek; maximum values for these compoungds are shown in Figure
7-3B. Herbicides, pesticides, PCBs, and serivolatile and volatile organic compounds were not:
detected in any surface water samples.

In the CK sample group, 28 maturally occurring parameters exceed background
(Figure 7-3A). Of these, four metals (aluminum, chromium, silver, and zinc) and thiee
radiochernical parameters {gross alpha, gross beta, and Ra-226) significanily exceed background
{i.e., have ratios >2}. Aluminum, antimony, iron, and manganese also exceed water quality .
standards. Low levels of nitroaromatic compounds were also present in the CK sample grnup as
shown in Figure 7-3B, none of wluch exceed water quality standards.

DOE/OR/21548-587, Rev. 1 15 ' 072297




BRG-SW CK

B
Crborie | G40 mpd
P | Daamgh [

Batum} 10 ugA
Wanymum | 010 wofl
Cagiium | 170 gt

Onbeiurm{ 708 ug/
Creomwm | 2E0ugd
Cohet) 1 8GwmA
Copper] 177 g

fand 11 |

Lesd | GESu |-
Lt | 6746 ugh
Magrasmim | 1554 upl
Minginseia |  FYugh

250wk

Eadrn | 5572w

Sima rrtiem i l.nﬂ

Thaliur 230 ugh

Vanaatum | w38 ugh

zac]  131uh

Adealivity [ 180 mgd
Crgaric Cwbon ] 434 mgd o

Phoapnena | 0.1 mga

| 10.5mgA

i AEEIENEIRAE [Py
S t3A4AED7TASW 01 4IAEGT RS0 Dt 244887

< re UCLOB UELEEY o
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Parameters

The bar graphs display the UCL36 value for each data group (UCLAS,) divided by the
UCLS5 valus for derived background {UCL95.). Values greater than 2 indicate significant

daviation from hackground {Saction 3] Note: Ratio set to 1 if Y00% of sample data were
below the limit of detaction.
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In the USL sample group (Figure 7-3A), 26 natorally cccurring parameters exceeded
background. Of these, one anion (sulfate), eight metals (alumipum, chromiom, iron, lead,
manganese, sodivm, strontium, and zinc), and three radiochemical parameters (gross alpha, gross
beta, and total uranmm) are signiﬁc:intly greater than background (i.e., have ratios >2).
Aluminurn, antimony, iron, manganese, thallium, gross alpha, and total uranium exceed water
quatity standards. ' -

In the LSL sample group (Figuze 7-3A), 23 parameters exceed background. Of these, two
anicns (nitrate and sulfatey, ten metals (aluminum, arsenic, chromium, iron, lead, manganese,
nickel, sodium, strontium, and zinc), and three radiomaclides (gross alpha, gross beta and total
. uranium) significantly exceed background (i.e., have ratios >>2). Az in the USL group,
aluminum, antimony, iron, manganese, thallium, gross alpha, and total vranium exceed water
quality standards.

Data for the Missouri River (MR sample group} are also compared to background in Figure -
7-3A. Contaminated water from the quarry is a minimal fraction of the Missouri River water
budget, but at high water stage the river contributes a significant fraction of the water in the
Femme Osage Slough and also contributes to the tower reaches of the Littie Fernme Osage Creek:
and the Femme Osage Creek. As shown in Figure 7-3A, 27 parameters in the MR group exceed
background. Of these, all five inorganic anions (¢hioride, fluoride, nitrate, nitrite, and sulfate
[bromide was not analyzed]), eleven metals (aluminum, antimony, arsenic, cobalt, iron, lead,
lithium, manganese, potassium, sodium, and zinc), and four radiochemical parameters (gross
alpha, gross beta, Ra-226 and Th-232} significantly exceed background (i.e., have ratios >2).
Alemitum, antimony, iron, jead, manganese, and thajlizm also exceed water quality standards.

7.3.3 Potential Sources of Surface Water Contamination

The Litde Femme Osage Creek may receive contaminated water from several sources.
Runoff from the Weldon Spring Ordnance Works production area, which lies upstream of the
quarry, is the likely source of nitroaromatic compounds detected in the creek. These compounds
were detected at upstrearn locations that are not impacted by the quarry. Elevated levets of metals
may alsc be derived from this area, but they could alsc result from migration of contaminated
groundwater from the quarry. In addition, overland discharge of contaminated water from the
 quarry during a U.S. Geological Survey (USGS) study (Ref. 33) or influx of Missouri River water

during flooding may have contaminated creek sediments, which continue o release these metals
to the stream, : o

Several plausible sources could contribute contaminants to the Femme Osage Slough. -

Elevated total uranium levels in both the upper and lower portions of the slough, as shown in
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Figure 7-4, may result from groyndwater seepage along the north bank of the slough, runoff from
the Vicinity Property 9 area prior to remediation, or desorption of uranium from contaminated
sediments in the slough. The latier source is difficult to defend because uranium concentrations -
" in slough water do not appear to correlate with concentrations in slough sediments. Elevated
metals in the slough may be derived from contaminated groundwater seepage, mixing with
Missouri River water, and/or desorption of metals from contaminated sediments. The first two
Processes are alsu plausible sources fur elevated sulfate levels.

The data indicate that the water from the Missouri River, which is periodically introduced
into the slough and backs into the Litle Femme Osage Creek, is a possible contributor to the
elevated concentrations in both these water bodies. Many of the metals that are elevated in the
creek and slough are also elevated in the river. : :

_ Thallium and antimony, although not elevated above backgreund, may exceed water quality

standards, 2 ;g/L and 6 ug/L, respectively. This is due to the detection limits for surface water
. samples are greater than the MCLs for these parameters. Surface water locations will be sampled
anvd reanatyzed for thallium and antimony using lower detection limits.

7.3.4 Sediment Characterization -

Sediment samples were collected at locations identified in Figure 7-1 and were analyzed
for the parameters listed on Table H-5, Appendix H. Data summaries are presented in Tables F-6
thrnugh F-8 of Appendix F.

Data for naturally occurring parameters are compamd te backgrmmd in Figure 7-5, a s-enes.
of bar charts that quantify the magnitude by which UCL95; for each parametet in each group
exceeds UCLI5; for background. These graphs show that mumerous parameters significantly
exceed background (i.e., have ratios >2) and are considered potential contaminants. Howeéver,
none of these potential contaminants exceed screening guidelines presented in Section 3.
Locations where U-238 exceeds background are shown in Figure 7-6. Anthropogenic parameters,
including nitroaromatic compounds, were not detected in any sample group.

In the CK sample group, sulfate, four metals (antitmony, calcium, magnesinm, and
strontinm), and U-238 significantly exceed background (i.e., have ratios >2). None of these
constituents exceeds the screening guidelines presented in Section 3.
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Tha bar graphs display the UCL95 valus for each data group {UCLOG,) divided by the LCLSS vaiue
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tj]rec inﬂr_ganic anions (chioride, fluoride, and
coppet, iron, lithinm,

 In the LSL and USL sample groups,

- sulfate), 18 metals (aluminuam, berylliunt, cadmium, calcium, chromiur,
bdenum, nickel, potassium, gelenium, sodizm, strontium,

magnesiur, Manganese, mercury, moly

and vanadium) and three radionuclides (Ra-228, Th-230, and U-238) significantly exceed
background (i.e., have ratios = 2). Concentrations of most metals are highest in the LSL group,:
eas uraninm and sulfate are highest in the USL group as shown in Figure 7-3.

Missouri River sedhir:nt satnples are g&ﬁmll},r at ot below background levels (Figure 7-5).
for the MR sample group were sampled.only

Sulfate is elevated above background. The Yocations
once {after the 1995 flood) and analysis did nof include the -entire list of analytes, as indicated in

Figure 7-3.

wher

7.3.5 Sources of Sediment Contamination

: . The elevated metal levels in the CK sample group could result frem flood deposition of .
suspended sediment in Missouri River watet; discharge of contaminated quAITY pond water during

.2 USGS study (Ref. 33), or wastewater discharge and runoff from the former Weldon Spring

Ordnance Works. Most likely, sediment contarmination in the Little Fernme Osage Creek is the
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS QPERABLE UNI'I;: WELDEjN SPRING SITE, WELDON SPRING, MO

Ordriance Works, Most likely, sediment contamination in the Lintle Femme Osage Creek is the
result of a combination of these sources. The slightly elevated U-238 levels in these sediments
may have resulted from runcff from former Vicinity Property 8 prior to remediation (Figure 7-2).
Vicinity Property 8 was Iocated immediately upstope from the quarry and was an isolated area of
radiologically comtaminated soil.

: Sediments in the slongh were also probably contaminated by a combination of processes.
Prior to 1960, the lower reaches of the creeks that became the Femme Osage Slough were areas
that favored settling of suspended fine material from potentially contaminated upstream sources.
‘Metal contamination in the LSL sample group (Figure 7-5), which is closest to the Missouri River
inlet vaive, likely refiects deposition of colloidal phases and fine-grained sediments carried in
_ suspension by the Missouri River during controlled inflow or flood events. U-238 in the USL
sample group, which is closest to the quarry, likely results from quarry-contaminated groundwater
seeping into- the slough at discrete pnmts along its north bank amd nmnff from the Vicinity

Property 9.
7.4  Groundwater and Surface Water Interaction

7.4.1 Quarry Pond

_ Although technically a surface water body, the ‘quarry pond. is isolated from the surface
water system. The quarry pond collects rain water and surface water runoff from the rim and
higher Jevels of the quarry proper. The pord also receives sorme groundwater discharge along its
northern, upgradient, wall and discharges to.the groundwater via near horizontal partings near the
K:mmsmck Limestone/Decorah Group contact along its southern wall.

Prior to bulk waste removal, the quarry pond maintained an elevation of 465 ft- MSL,
which is approximately 10 ft above the Kimmswick Limestone-Decorah Group coniact {(see Section
8 for a detaited discussion). During the bulk waste removal action, water was continuously
pumped from the pond to the quarry water treatment plant to facilitate the waste removal. At the
end of this action in December 1995, approximately 0.5 ft of water and sediments relmmed on
the floor of the sump, which is at an elevation of about 439 ft MSL. In mid-December 1995, the
pumping was stopped and the pond was allowed to recharge according to the plan presented in the
Quarry Residual Sampling Plan, Addendum 2: Phase 2 Sampling (Ref. 2). In March 1996, the
pond was pumped down again because uranium levels exceeded the 600 pCu’l criterion set in the
recharge study, Natural recharge resumed in mid-April 1996.

The quarry pond was rbutim:ljr monitored before the start of bulk waste removal. -
Chemical data from this monitoring were reported in the Weldon Spring annual site environmental
reports for 1987 through 1993 (Refs. 35, 36, 37, 38, 39, 40, 41, and 42). The pond was also

DOE/OR/Z1648.587, Rav. 1 7-12 ' . o72497




REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

émnpled for raesals, inorganic anions, radionviclides, and nitroaromatic compounds in March 1996,

. before the pond was pumped. Results from this sampling are presented in Appendix F, Table F9,

Total wranium (1,000 pCi/t) was the only parameter found at significantly elevated levels.
in the March 1996 sampling event, Trace Jevels of nitroaromatics and Ra-226 and Ra-228 were
also detected (less than 1.0 pCi/l). Since resuming quarry recharge in mid-April 1996, uranivm
is the only parameter that is routinely monitored. During ‘this period, wranium levels have
fluctuated between 400-and 550 pCi/l but have never exceeded the 600 pCi/l criterion. Usaniuin
abd precipitation data collected during the recharge period are shown as a function of time in

. Figure 7-7; This decrease in uraninm fevels is likely attributed to the remediation of the northeast
corner early in 1996, Prior to this, contaminated soils and materials were accessible to
precipitation and contributed to the run-off collected in the quarry pond. '

742 United States Geological Survey Groundwater and Surface Water Studies

The USGS conducted a study to identify the interaction between groundwater and surface
water systems in the quarry area (Ref. 46). Three staff gages were installed along the Litlle
Fernme Osage Creek; four were installed in the Femme Osage Sicugh; and one was installed in
the Missouri River downstream of the slough. In addition, piezometers were installed in the .
shallow alluvium north and south of the slough. Tables F-10 and F-11 of Appéndix F presents
waiter level measurements for each gage and lists the mean daity stage in the slongh based on PMC
data. :

The USGS study concluded that the Femme Osage Slough is a source of gradual recharge
o the alluvial aquifer except in extreme flood conditions (Figure 7-8). Analysis of surface water
and groundwater levels for this remedial investigation indicates that the alluvial aquifer discharges
to the slough along its northern bank at several locations immediately southeast of the quarry.
Additional discussions regarding the interaction between the alluvial aquifer and the slough are
presented in Section 8. | ' |

7.5  Significant Observations

+ Total uranium concentrations have been in the 400 pCi/l to 550 pCi/l range since the.
pond was pumped dowa in April 1996,

+ Surface water and sediments of the Little Femme Osage Creek have been infiuenced
by activities at the former ordnance works. -
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#IEMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNT: WELDON SPRING SITE, WELDON SPRING. MO

» Many of the elevated parameers in the smface water of the upper and lower Femme
Osage Slough are also elevated in the Missouri River, which is routinely diverted to,
or floods, the slough.,

+  Surface water and sediments in the Femme Osage Slongh have pmbably been nnpacted
by miigration of uranium-contaminated groundwater from the quarry,

» - Runoff from the Vicinity Property 9 may have nnpactedsurface water and sediment
concentrations in the Femme Osage Slough. :

« Uranium, magnesium, and alumimum exceed their respective water quality standards
{Table 3-1) ity surface water cutside the quarry.

+ UCL95, for uranium is 66.5 pCi/1 in the upper Femme Osage Slough and 13.3 in the
lower Femme Osage Stough.

«  Thallium will be re-analyzed in surface water with a detection limit less than‘or equal
to the MCL to determine its presence. '
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AEMEDIAL INVESTIGATION FOR THE QUARRY HESIDUAL‘S OPERABLE UNIT: WELDONM SPREMG SITE, WELDON SPRING, MO

-8 HYDROGEOLOGIC INVESTIGATIONS

_ The - results of hydrogeologic studies supporting the Quarry Residuals Remedial

. Investigation are presented in this section. Historical and recent information pertaining to
geology, hydrostratigraphy, and aquifer characteristics of the allavium and bedrock were evaated
.and correlated to develop the site conceptual groundwater- model.-- The model describes the
. -physical framework of the underlying aquifer and potential groundwater pathways. for contaminant
‘migration.

8.1 Hydrogeologic Setting

The generalized hydrosiratigraphy in the Weldon Spring area is presented on Figure 8-1.
Regional aquifers include shallow; middle, and deep bedrock systerns and the alluvial system (Ref.
49}. Upper and lower confining units are also defined in the regional hydrostratigraphy. The
" shallow bedrock aqu:fer system and the upper confining umt shown on Figure 8-1 are not prese;nt.

rear the quarry.

‘8.1.1 Site Geology

Geologic descriptions of the bedrock units and alluviurm in the vmmrty of the quarry are
presented in the foilowing sections. Geologic units are deseribed in descarﬂmg order. '

$.1.1.1 Alluvium. The alluvial deposits associated with the Missouri River and its
tributaries are discussed in Section 6. In summary. coarse-grained deposits comprise the bottom
20 ft to 80 ft of the Missouri. River floodplain. These sediments consist of fine- to medium--
grained samd with some silt which grades with depth to coarse-grained sand with cobbles and .
boulders. Fine-grained deposits.comprise the upper 15 ft to 25 ft of the Missouri River floodplain- -
and the full thickness of the Little Femme Osage Creek and the Femme Osage Creek alluvium,
These materials were deposited during floods in areas of decreased flow velocity. The fine-
grained alluvinm consists of siliy clay and clayey silt with alternating layers and lenses of fine
sand, sandy siit, sandy clay. and stiff clay with gravel. Cross-sections (Figure 84 and 8-5)
illustrate coarse-grained materials extending into the area north of the slough. In the close vicinity
of the quarry, this primarily occurs near well clusters 1013/1014/1031 and 1015/1016/1046. These
coarser materials are coincident with bedrock lows which occurs in these areas. :

8.1.1.2  Bedrock. .Bedrock units of interest to this investigation are the Kimmswick
Limestone, Decorah Group, Plattin Limestone, and Joachim Dolomite. The quarry was mined
through the Kimmgwick Limestone and into the upper portion (approximately- 15 ft) of the Demrah; '
~ Group.

DOE/OR/21548-587, Rev. 1 8 ' . 072487
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REMEDIAL IHVESTFG.&TIUN FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

The Kimmswick Limestone is medium o coarsely crystalline, highly fossiliferous, medum
-to-thickly-bedded, and cherty near the base (Ref. 50). Solution-enlarged vertical to near-vertical
‘joints and joint intersections are characteristic of this formation.-Several thin shale zcnes are
present at the base of the Kimmswick Limestone. The upper portion of this unit has been eroded

< - if1 theé GUATTY Brea. mxmmmmesm wl‘n:repmsent ranges.from 8 ft to 70.ftthick.in

the study area.

Underlying the Kimmswick Limestone is the Decorah Group which is a thin to medium-

bedded finely crystatline to. lithographic. limestone containing interbedded. clayey, fossiliferous: - .

- shales (Ref. 5¢0). This formation ranges from 15 ft to 36 it thick as mdlcated by mrmg A thin
" metabentonite layer is presem near the base of this formation.

The Plaitin Limestone conforﬂmhljr underlies the Demrah Group and is a thin 0 medium
bedded, finely crystailine to lithographic limestone with some chert. The lower 5 ft to 10 ft of this
formation is a dolomitic, oolitic, argillaceous limestone with thin pebble conglomerate beds. The
formation ranges from 82 ft to 121 fi thick, as indicated by rock cores. Solution-enlarged joints
have been docurented in the Plattin Limestone (Ref, 50), although none were identified in rock
cores from the quarry area. ' : >

The Joachim Dolomite is predominantly a thinly bedded, yellowish-brown, argiltaceous
dolomite containing interbedded limestone and shale. Only the upper 15 ft of the Joachiro
Dolomite was investigated, Literature indicates the typical thickness of the formation ranges from
90 ft to 110 ft (Ref. 1).

-Cross sections of the quarry area {Figures.8-2. and 8-3).illustrate the current geologic
model. Of particular interest is the sloping surface along the allevium-bedrock contact. The lower
- portion of the Kimmswick Limestone and the Decorah Group is present beneath the alluvium north
of the slough, The Plattin Limestone, which was eroded by the Mtssemn River, forms the basc
of the alluvium south of the slough.

The bedrock topography map (Figure 8-4) shows the effects of natural ercsional processes
in the quarry area independent of the formation. In -addition, man-made-depressions {(including
the quarry) are evident. Zomes where intense weathering and erosion have occurred are
represented by rapid changes in bedrock surface elevations. The most obvious of these is atong
the edge of the floodplain where the limestone bedrock has been eroded by the Missouri River to
form the bluffs north of the Katy Trail. South of the bluffs, the bedrock surface slepes gradually
beneath the alluvinm until just south of the Femme Osage Sluugh where it flattens even further to
the southeast.

DOE/GR/21549-587, Rav. 1 8-3 . 072487 .
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REMEDIAL INVESTIHGATION FOR THE GUARRY RESIDUALS OPFERARLE UNIT: WELDON SPRING SITE, WELDCN SFRING, MO

Smaller depressions represent more localized weathéring, which is often linearly oriented
and represents intense weathering along. near-vertical fractures. An example can be seen
immediately west of the quarry near the Little Femme Osage Creek (Figure 8-4). In this area, a
tributary creek has likely eroded the bedrock in a northeast to southwest direction and deposited
.. :glluvinm in the erosional valtey. - This valley forms the northwest side. of a bedrock ridge that

' paratlels the valley and extends out into the floodplain. Where saturated, these linear-bedrock
lows contrel the direction and velocity of groundwater flow.

A geophysical survey was performed on the Missouri River floodplain south of the quarry
to. determine the topography of the undertying bedrock surface (Ref. 52). The results of this
survey indicate that the bedrock has an undulating surface with occasional ridges and troughs that
are likely the result of channel-controlled erosion along the ancient meanders of the Missouri -
River. On average, bedrock depths determined from the geophysical survey are within 5 ft of
depths obtained from field borings.

8.1.2 Hydrustréﬁgraphy

8.1.2.1 Regional. The hydrostratigraphy in the Weldon Spring area is presented in
Figure 8-1. The Kimmswick Limestone is the middle aquifer, and the Decorah Group, Plattin
Limestone, and Joachim Dolomite comptise the lower confining unit that overlies the deep aquifer
© gystern (Figure 8-1). Confining conditions result, in pant, from low permeability shale layers in
the Decorah Group (Ref. 49). Although saturated, the Decorsh Group, Plattin Limestone, arl
Joachim Diolomite are not utilized as a source of potable water due to extremely low yields (Ref.
49). The Kimmswick Limestone yields small to moderate quantities of water to wells in the
surrmmdmg region (Ref 493, '

The deep aquifer system (Figure 8-1) includes units from the St. Peter Sandstone down 0
the Potosi Dolomite and is one of the most productive aquifers in Missouri (Ref. 49). The deep
aquifer is used by many municipalities and public water supply companies, pnmarﬂ}r in western
and northern St. Charles County (Ref. 49). '

The alluviat aquifer underlies the floodplain of the Missouri River and is capable of
supplying large quantities of water (600 to 2,600 gpm per well} for municipal, mdustrlaL or
domsuc use (Ref, 49). :

-8.1.2,2 Local. Water bearing uniis in the vicinity of the quarry include limestone
bedrock (Decorah Group and Plattin Limestone) art Missouri River alluvium, which are in
contact with each other along an erosional surface (Figures 8-2 and 8-3). In the vicinity of the
quarry, the Kimmswick Limestone is typically unsaturated, or the water table is near the base of
the formation. Althongh saturated, the Decorah Group, Plattin Limestone, and Joachim Dolosmite
are not utilized locally as a water source because their yields are extrerely low (Ref. 49).

DOE/OR/21548-687, Fev. 1 86 -_ 072487
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REMEDIAL INVESTIGATIGHN FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDOM SPRING, MO

The alluvial aquifer of the Missouri River valley is a niajor source of drinking water for
St, Charles County. The county currently operates eight production wells capable of producing
22 miltion gallons per day (MGD) at peak demand. The capacity of the associated water treatment
plant, which is north of the well field, is 22 MGD. Typically,.only four.or five of the wells are
used on a rotating basis, producing 10.5 MGD (Ref. 53). :

3.1.3 Agquifer Recharge and Discharge

The limestone bedrock unite (Kimmswick Limesione, Decurah Group, and Plattin-
Limestone) are recharged by the fnllnwmg mechanisms;

« Downward flow from the overlying shallow aguifer system (Burlington-Keckuk
Limestone and Fern Glen Formation) through thié upper leaky confining unit in uptand
areas to the north. -

+ Infiltration of both precipitation and runoff through the overburden in the mlmty of
the quarry. '

+ Infiltration of precipitation directly into the bedrock fractures in and near the quarry.

» Infiltration of quarry pond water.

The alluvial aquifer is recharged by the following mechanisms:

«. Infiltration of surface water (e.g., the Femme Osage Slough and the Missouri River).

+ [Infiltration of precipitation.

« Discharge from the limestone bedrock.

Measurements from piezometers installed between the 8t. Charles County well field and
the Missouri River show infiltration from the river into the alluvium (Ref. 54). An elecirical
analog model of the St. Charles County well field showed that under normal operation 66% of the
water pumped is induced infiltration from the Missouri River (Ref. 54). The model also mdicates
that the percentage of water derived from the river increases as the rate of production increases
(Ref. 54). .
8.2 Previous Iuvestigaﬁom _

Numerous hyvdrogeologic investigations have been performed in the vicinity of the quarry

" to characterize the uppermost groundwater arl refine the understanding of groundwater flow and
contaminant migration. An exiensive monitoring well network (Figure 8-5), primarily utilized to

DOE/OR/21548-587, Rev. 1 : 3-8 : 072487
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REMEDIAL IN‘JEE'!'!GATFDﬂ FOR THE QUARRY RESICUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

monitor groundwater quality, is prﬂént at the quarry. A detailed discussion of the monitoring

- network is presented in Appendix G and a list of monitoring wells is provided in Table G-1 of
Appendix G, Additional piezometers were installed and later abandoned by the 1.8, Geological
Survey (USGS) in an investigation of the groundwater system.in the quarry and well {ield areas:
A summary of previous investigations is provided in Table G-2 of Appendix G. :

8.3 Remedial [nvestigations

Hydrogeologic investigations were performed to characterize the physical factoxs affecting -
* the distribution, fate, and transport of contaminants in' the vicinity of the quarry. -The testing
locations and monitoring wells in the area immediately around the quarry are shown in Figure 8-6.
A summaty of the hydrogeologic characterization tasks is preseated in Tabie G-3 of Appendix G.

8.3.1 Potentiometric Surfaces and Direction of Groundwater Flow

During this remedial investigation, water levels were measured in a total of 87 afluvial and
bedrock monitoring wells and piezometers to determine the distribution of hydraulic head in the
underlying aguifer. The typical depth to water ranges from 10 ft to 15 ft in the well field and 75
ft to 100 ft along the quarry rim. The large difference in depth to water is in paxt 2 reflection of
the land surface elevation which is approximately 100 feet higher along the quarry rim.

Several gencral observations can be made about groundwater levels which are independent
of the temporal conditions:

« * Groundwater levels measured in the bedrock along the southern rim of the quarry are’.
consistently higher than levels measured in the alluvinm. : :

» Groundwater levels in the alluvium north of the Femme Osage Slough are higher than
those measured in the alluvium south of the slough

o Groundwater levels in the bedrock of the quarry rim are consistently higher in the
eastern portion compared to-those in the western portion.

_ The potentiometric surface maps reflect thiee hydrologic conditions (Figures 8-7 through

8-9): (1) normal or typical water levels, (2) low water (drought), and (3) high water {flood). The.
maps itlustrate the fact that the most sigmificant response of the system to each condition is

fluctuation in groundwater levels; however, flow direction generally is not influenced by seasonal '
variations. Groundwater flow direction is consistently south to southeast from the bedrock into
the alluvium. Groundwater flow is to the west and south from the northeast corner of the quarry.
South of the slough, the direction of groundwater flow has an increasing eastward component,
likely due to the influenée of the Missouri River and/or pumping in the St. Charles County well
field. ' :

DOE/OR/Z1648-587, Rav. 1 8-10 : 072297
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRIMNG, MO

The map for February 1996 ﬂiustra:tes the typical potentiometric surface for the shallow
aquifer in the vicinity of the quarry ‘(Figure 8-7). Data from this month were selected because
groundwater tevels are within typical ranges for the area, and additional static water level data are
available from a USGS study (Ref. 46). Dewatering during bulk waste remova) has depressed the
groundwater surface around the quarry pond. A steep hydraulic gradient occurs in the bedrock
while the gradient in the atluvium is gradual, Groundwater mounds are evident around two
piezometers (S-7 and $-11) south of the slough and coincide with & thick sequence of blue clay
observed during installation of these piezometers (Ref. 46). The clay is similar to materials
observed near the Little Femme Osage Creek and may be a relic of a former tributary creek in the
ficodplain. These clays may allow for localized perched or confining conditions in this area (Ref.
463,

Daia from October 1988 have been used to iflustrate the potentiometric surface in the
shallow aquifer during low water level conditions (Figure 8-8). The configuration of the
potentiometric surface during this period is similar to that of typical conditions, even with
sgmﬁcanﬂy lower water levels, indicating the gmundwater flow direction is unchanged.

Data from April 1995 were used to represent high water level conditions (Figure 8-9).
These measurements were obtained one month before the Missouri River flooded the area. The -
potentiometric surface is similar to typical groundwater conditions; however, the gradient within
the bedrock is steeper in the eastern part of the quarry. Effects of dewatering are atso evident as
shown by the depression in the groundwater surface. The influence of high stage of the M_lssouti -
River and pumping in the well field can be seen in the water levels of piezometers adjacent. to the
river (8-16, S-22, and $-23). These conditions result in & reversal of the gradient. The reversal
is also present, but to a lesser degree, during typical conditions. The gradient in the alluvium is -
relatively flat, and groundwater mcmiding is evident around piezometers S-7 and S5-11, as
discussed above. '

Hydrographs of well clusters in the vicinity of the quarry were used to determine the -
vertical head distribution between and within the bedrock and alluviura and were constructed from
data obtained from 1987 through 1996 (Figures 8-10 through 8-14). North of the slough, the
hydrautic head within the alluvium generally decreases with depth, indicating downward '
movement of groundwater, Within the alluvium south of the stough, the hydraulic head also
decreases with depth. Closer 1o the river, the hydraulic head within the allavium is uniform or
increases with depth, indicating the vertical component of movement is negligible, and the
horizontal flow component is predominant.
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERAELE UNIT: WELDOM SPRING SITE, WELDCN SPRING, MO
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FIGURE 8-14 Hydrograph: WSQ-513/WS0-514/WSQ-B1/WS0-P5

. In the bedrock north of the slough, the hydraulic head in the Decorah Group is less than,
or equal to, that in the overlying alluvium. This indicates that these units likely act as one
hydrologic unit due 1o weathering and fraciuring of the bedriock, and that downward movement
ocours in this localized area. The hydraulic head in the Plattin Limestone is higher than in the
overlying alluvium indicating discharge from the bedrock into the afluvium, South of the slough,
the head distribution is difficult to assess due to the stow stabilization of water levels in bedrock
piezometers, although it is believed that the Plamtin Limestone discharges groundwater upward to
the aliuvium. '

8.3.2 Interaction of Groundwater and Surface Water af the Féemme Osage Slough

A compatison of typical static water levels in wells adjacent 1o the slough and the surface
water elevation of the slough indicates that at most locations, the siough is a source of recharge
to the alluvial aquifer (Figure 8-15) (i.e., slough levels are higher than groundwater fevels)y.
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE LINIT: WELDON SPRING SITE, WELDON SPRING, MO

However, groundwater discharge to the slough occurs in some locations as shown by the
hydrograph of wells MW-1006 and MW-1016, piezometer W3Q-84, and staff gage $G-35.
Hydrographs for these wells and the slough indicate that the groundwater levels are higher than
the surface water levels in this arez during normal conditions. .

8.3.3 Hydraulic Properties

The hydraulic conductivity, transmissivity, and specific yield of the alluvium and bedrock

. units have been measured by constant-head packer tests, siug tests, and constant rate discharge and

recovery tests, The procedures for determining these aguifer properties are described in Appegdix
G. : :

8.3.3.1 Bedrock. Packer tests were performed during the drilling of angled borings
and recently instatled monitoring wells to determine the range of hydraulic conductivity for the -
bedrock vnits. The range of values and median hydraulic conductivity for each bedrock unit are

. surmmarized in Table 8-1. Hydraulic conductivity values are summarized for each tested interval

in Appendix G (Table G-4), Test results are also présented in Appendix G.

TABLE 8-1 Hydraulic Conductivity Ranges from Packer Tests in tha Badrock Units at

the Cuarry
HYDRAULIC CONDUCTIVITY {cm{a}
UNIT MAXINUM MINIMUM MEDIAN
Kimmswick Limestone 2.1 x 1073 2.0 x10% 1.2 x 10°
Decorah Group | 5.1 x 10% 6.5 x 107 3.6 x 10°
Plattin Limestone 4.0 x 10° 5.5 x 10°% _1.5x107
Joachim Dolomite 6,7 x 10" 1.4 x 10* : 2.9 x 10°

The test results indicate that hydraulic conductivity is consistently higher in the Kimmswick
Limestone than the other units and is associated with open fractures. Many of the fractures exhibit
evidence of grnuruiwatér movement. Hydraulic conductivity in the Decorah Group, Plattin
Limesione, and Foachim Dolomite is variable within each unit and is a function of fracture density
and aperture, Numerous tight fractures, which had little water intake, were observed during mrmg
and testing of the Decorah Group, Plattin Limestone, and Joachim Formation.

‘DOE/QRI21 B4B-687, Rav. 1 8.22 072457




REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MG

Slug tests were also perfnrmeii on bedrock wells, ard the results, which are presented in
Tables G-5 and G-6 of Appendix G; are generally within the ranges obtained from the packer
tests. However, hydraulic conductivity values obtained from slug tesis at monitoring wells.
MW-1013 (Decorah Group) and MW-1031 (Plaitin Limestone) were higher than the ranges for
those strata established from the packer tests. At these locations, the Decorah Group and Plattin
Limestone are the uppermost bedrock umnits, and weathermyg has -nvost: Iﬂ:&l}r increased the
hydraulic conductivity,

8.3.3.2 - - Alluvimm. Shig tests were performed in the alluvial wells to deterinine the
areal and vertical disteibution of bydrautic conductivity. Results presemted on Figure 8-16, show:

Hydraulic conductivity ranges from 10 cm/s to 10” em/s in the alluvium south of -
the slough.

. Hydraulic corsiuctmty is more variable notth of the slough, ranging from 1{1‘s crm/s
to 107 cro/s.

. Hydraulic. conductivity generally increases with depth {up to one order of
' magnitude).

. . The hydraullc COIH]].I.EH\"'].’C}F of the shallow a]luvlum along the Little Fernme Osage
Creck ranges from 10°cm/s to 107 cro/s and generally increases with distance from
the quarty.

Hydraulic conductivity in the alluvium is variable and shows a direct correlation to grain
_size.  Variability in hydraulic conductivity is related to .cmﬁplex depositional patterns resulting
from streams and rivers that have meandered across the floodplain. Areas of fine-grained
" material, such as overbank or fivod deposits, generally exhibit lower hydraulic conductivities than
coarse-grained point bar or channel deposits. Typically, grain size and hydraulic conductivity
increase with depth in the alluvium.

Aquifer testing in the alluvium north of the slough was performed to further define aquifer

' propersies. Step drawdown/recovery tests were performed on six wells (MW-1006 through

MW-1009, MW-1014, and MW-1016) and a 6-hour constant-rate discharge and recovery test was

- ‘performed on MW-1016. Yields greater than 0.5 gallons per minute (gpm) could not be

- maintained in momtm'mg wells MW-1006 thmugh MW-1009; therefore, aquifer properties were
not determined at these locations.

DOE/OR/Z1548-567, Rav. | SRR+ 072497
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REMEDIAL INVESTIGATION FOR THE QGUARRY RESIDUALS OFERABLE UNIT: WELDCN SFERING SITE, WELDON SFRIMG, MO

The results of tests at MW-1014 and MW-1016 are summarized in Fable 82, While
testing the allvium at MW-1016, a decrease in the static water level was noted in an adjacent well
(MW-1015) which is screened in the Decorak Group. This response demonstrates hydraulic

- connection between the materials at the base of the alluvium and the underlying bedrock system.

- Constant rate discharge tests were also performed by Layne Western.in 1985 (Ref. 54) and

- Bechiel in 1986 (Ref. 53) in the alluvial aquifer south of the slough (in the well field), and the

results are included in Table 8-2.. Layne Western performed .pumping tests to evaluate the

 hydrautic properties of the coarse-grained deposits tn the lower portion of the alluvial aquifer. The

testing by Bechtel was performed to evaluate the hydrautic characteristics of the allevium directly
south of the slough. '

TABLE 8-2 Hvdraulic Propserties of the Alluvium
WELL HYDHAALLIC CONDUCTIVITY {cmfa) THANSMISBIVITY igpd/fi]
PUMPRNG RECOVERY PLIMPING RECOVERY SPECIFIC YIELD |
MW-1014 8.4 ¥ 10% 7.6 X 10° S90 800 —
MW-1016 4.2 X 10* 3.2 %10% 440 340 — o
Well Fiahd™ 2.0x 19" 8,000 - 465,000 Q.2 -0.36
wall Feld"' 8.2 x 10° 6857 0,005
Note Lal Langth of testing was inalffcknt for determination of sp-edﬂn yleld
1] Source: RHef, B4
ch Source: Ref. 55

8.3.4 Fracture Flow

Groundwater movernent in limestone in the vicinity of the quarry occurs primarily within
fractures and along bedding planes. This movement has resulteg in solution enlargement of these
features in the Kimmswick Limestone.

The orientations of fractures, solution features, and bedding planes provide information
on the principal directions of groundwater flow. Fractares observed in the Kimmswick Limestone
at the quarry walls are both horizontaf (bedding plane) and vertical to near vertical, Vertical
fracture apertures becorne tighter with depth, especially at the contact with the underlying Decorah
Group. Intersections of verticat fractures with bedding planes generally show enlargement due
to solution activicy. '
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDGN SFRING SITE, WELDON SFRING, MO

8.3.4.1 Fracture Mapping. Practure mapping and lineament analysis of aexial
photographs were performed on the exposed walls of the quarry and bluffs prior to bulk waste
‘removal., Additional fracture maps of the- quarry walls were prepared -after the bulk waste was
removed to determine vertical fracture trends and potential preferential flow zones in the lower
portion of the Kimmswick Limestone and in the Decorah Group.

A total of 85 vertical fracmires, fracture zones, and solution features were evalvated during
mapping along the inner quarry walls and the bluffs adjacent to the Katy Trail. The locations and
- directions of fractures mapped in the quarry area are shown on Figure 8-17. - A summary of the
bearing, aperture, and other pertinent information from this effort is provided in Appendix G,
Table G-7. A rose diagram (Figure 8-17) illustrates thai the predominant joint set in the quarry
area is oriented between N50°W to N60“W. These joints are nearly vertical and have an average
spacing of 50 ft. Two secondary vertical joint sets are also present, with crientations ranging from
N6Q°E to NT0°E and N60O°W to N70°W. Most of these joints were measured in the Kimmswick
Limestone, but traces into the Decorah Group could be observed inside the quarry.

Open fractures were observed on the walls and the guarry floor in the Kimmswick
Limestone. Fracture apertures, which are dependent on the amount of weathering, range from less
than 0.2 ft to 4 ft. Clay and silt filling was observed in many vertical fractures both inside and.
outside the guarry.  Fracture surfaces in the Kimmswick Limestone were typically etched,
indicating groundwater movement. - Fracture traces observed in the Decorah Group. on the quarry-
floor were tight and showed little evidence of water movement.

- Numerous fractures were ohserved along bedding planes in both the Kimmswick Limestone:
and the Decorah Group. Enlargement due to solution activity was observed along the base of the
upper quarry bench at intersections with vertical fractures. Seepage was observed along the top
of a shale bed near the contact between the Kimmswick Limestone and the Decorah Group. This
seepage indicates that the horizontal component of flow is greater than the vertical component near
the contact of these two bedrock unis.

During lineament mapping, fracture zones were found to correspond with drainage patterns
in the bluffs. These zones likely represent areas of preferential weathering of the Kimmnswick
Limestone. Large solution features {caves} were observed in the biuff along the Katy Trail. Large
zones of core loss and bit drops, which are typically associated with solution features, were
encountered during drilling along the south rim of the quarry.

8.3.4.2 . Rock Core Fracture Analysis. Three angled horings were advanced at 30°
from vertical to assess fracturing in the Kimmswick Limestone, the Decorah Group, and the
Plattin Limestone (Figure 8-6). The Joachim Dolomite is not discussed here because it was only
slightly penetrated by the angled borings. Fracture aperture, frequency, and crientation were
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AEMEDIAL INVESTIGATION FOR THE QUARRY RESIDUIALS OPERABLE LINT: WELDON SPRING SITE, WELDON SPRING, MO

evaluated 1o determine possible preferential pathways in'the bedrock. Rock cores obtained from
the angled borings were used in the assessment to alleviate the difficulty -of distinguishing

- horizontal bedding ptane fractures from mechanical breaks caused by.vertical drilling. Mechanical

breaks usuvally occur perpendicular to the direction of drilling.

Overall; few vertical or near-vertical fractures were encountered in the angled-borings.
Most-fractures were near horizontal bedding-plane fractures. - Fracture data for each angled boring . .
are summarized in Table 8-3.

TABLE 8-232 Angled Boring Fracture Data

FORMATION | LENGYH | FRAGTORES | NUMBER OF FRACTURES HOREZOMTALY
Rt} e VERTICAL | HORIZONTAL VERTICAL RATIC
Argled Boring AH-1001
Plattin Limestone | 1206 | 1.7 | 3 | 204 | 86 10 1
Angled Boring AH-1002
Kimmswick Limegtone n.e 3.0 1 2] 88101
Decorah Group 32.2 1.2 1 o 35 381wl
Piattin Limastons 133.40 0.8 1 1 110 1a 1
Angled Boring AH-1003
Dacorah Group 17.0 ar 1 63 63101
Pattin Limastona 138.0 1.1 7 758 22t
ta) Length of badrock cored at an angle of 30° from vartical, Doas not Incleds vaid spacs or averburden dilling.
{1} Averege fractures per foot of bedrock comed.

Results from angled borings indicate that the greatest aumber of fractures occur in the
Kimmewick Limestons, which had an average frequency of three fractures per ft. The Decorah
Group has ar average of 2.1 fractures per ft based on the data from angled borings AH-1002 amd
AH-1003. The average frequency for the Plattin Limestone was 1.2 fracmres per ft in the three

angled borings.

The horizontal to vertical fracture ratio for a given formation varied significantly between
angled borings. Averaped ratios for cach formation are as follows:

»  Kimmswick Limestone 68tol
» Decorah Group Slto 1l
s  Plattin Limestone 42101

DOE/GRI?1 548-EB7, Ray. 1 B-17 : 072487
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON EFRING, MO

The low average horizontal to veriical ratio in the Plattin Limestone is greatly influenced
‘by-the number of near-vertical fractures encountered in AFI-1003. Most of the fractures weze tight
or healed with secondary mineralization. Also, the lower frequency-of horizontal fractures in the
Plattin Limestone tends to reduce the horizontat to vertical fracture ratio.

Arnalysis of fracture frequencies and horizontal to vertical ratios indicates that the potential
' for groundwater movenent in these wnits is greater in the-horizontal direction. Vertical movement
 through the Decorah Group and the Platin-Limestone is limited by the low number of near vertical
fractures, as observed.during-coring: Lateral flow is greater in-the Kimmswick Limestone and -
the Decorah Group than in the Plaitin. Limestone due to the greater frequency.of horizontal
fractures.

8.3.43 Rock Quality Designation Anpalysis. The Rock Quality Designations
. (RQD) for the bedrock units in the quarry area were evaluated to assess polential grourdwater
movement. RQD is the conmuiative length of solid pieces of rock core 4 in. or longer in a core
run, divided by the total length of the core run, and expressed as a percentage. The average RQD
values were determined from the three angled borings and seven additional vertical borings
throughout the quarry area, The average RQD values for each formation are: :

¢ Kimmswick Limestone 45%
+ Decorah Group T9%
« Plattin Limestone 9%

The Kimmswick Limestone exhibited the lowest RQD values, which are associated with
the weathered nature of this rock unit. This formation is-often the uppermost-bedrock encountered - -
in the boring, thus iending to be the most weathered. . Advanced dissolution of the medium- to
coarsely-crystalline limestone is also a factor contributing to low RQD values, Several boreholes
encountered large voids in the Kimmswick Limestone.

In the boreholes analyzed, the RQD values indicate that the rock quality of the Decorah
Group is ruch better than that of the Kimmswick Limestone. This higher RQD is the result of '
protection from direct weathering by the overlying Kimmswick Limestone. In those borings
where the Decorah Group was the first encountered bedrock unit, the RQD values are similar io
those measured in the Kimmswick Limestone, indicating that the Decorah Group is highly
weathered in these areas (south of the quarry). '

The Plattin Limestone exhibits the highest RQD values of the three formations. Even
where the Plattin Limestone was the first encountered bedrock unit (south of the slough), the
average RQD value was 83% (AH-1001}.

DOEOR/21543-587, Rev. 1 830 Q72497
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Increased fracture frequencies and low RQD values correlate with increased rock

- .-weathering and sohationing, particularly in the Kimmswick Limestone. This. formation exhibits

zones of intense solution activity which likely results in preferential groundwater movemnent where
the formation is saturated. In the Decorah Group, bedding plane fractures dominate-and often

- occur atong shaley partings and interbeds which results in more horizontal movement than vertical
* -moventent. The Plattin Limestone exhibits the fewest fractures and the-highest RQD values.. The
. very fine-grained composition of the Plattin Limestone and its-depth below the surface contribute

to this characterstic.
B.4 . Groundwiier Flow Volume

A flow net was constructed from the February 1996 potentiometric surface map and is
shown in Figure 8-18. The flow net was used to approximate: (1) the volume of flow that
discharges from the bedrock into the alluvial aquifer, and (2} the velume of flow in the alluvial
aquifer in the vicinity of the Femme Osage Slough. The volumes were calculated using Darcy's
law (Ref. 81}

. 1&""-!1::
?L;ﬂ_‘___._

*

"L E G E N D

—  mundvwaler Rrvation Pl Hhil
—=  Aruwiviae Fowing

MEYERS

!
!
i

FIGURE 8-18 Flow Net for the Quarry Area - February 1996
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Q = KAl

where: ¢ = flow volume (L*/T)
K = hydraulic conductivity (L/T}
A = cross sectional .area (L%)
I = hydraolic gradient or change in hydraulic head per length of flow. or
distance (dimensionless)

Darcy's law can be rewritten as:
Q = KbIW

where: b = aquifer thickness
' W= width of aquifer section

To estimate the volume.of flow discharging from the bedrock system to the alluvial aquifer
beneath and north of the Femme Osage- Stough, it was assumed that the contributing units include
the bottom 5 ft of the Kimmswick Fimestone, the full thickness of the Decorah Group-(34 fi), and
the top 20 ft of the Plattin Limestone. This portion of the bedrock systern subcrops bepeath the
alluvium in this area as shown in Figures 8-2 and 8-3 and the conceptual model (Figure 8-19).
The hydraulic conductivities used in the calculation were obtained from Table 8-2. An average
hydraulic gradient of 15 ft (head loss) per 300 ft (distance) is evident on Figure 8-18 in the area
between the 460 ft-and 475.§t contour intervals. An 1,860 ft section of the aquifer between.the
flow lines (Pigure 8-18) was also used in the calculation.

To estimate bedrock discharge from the Kimmswick Limestone (K), Decorah Group (D),
and Plattin Limestone (P), the equation becomes:

Q=[Kgxab) +Kyxbp) + Kexbp)] xIxW

where: K= L1.15 x 10%cm/s or 2.4 x. 10 gal/day/sy ft.

bg = St

Kp = 3.64 x 10°cm/s or 7.7 x L0 gal/day/sq ft.
= 3{.

Kp= 1.45x10°cm/s or 3.1 x 107 gaifday/sq ft.
= 2011

= 15 ft/300 ft.

= 1,86{ fi.

DOE/OR/21648-687, Rav. 1 8-32 : 072457
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REMED AL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELRON SPRING SITE, WELDON SPRING, MO

The resnlts of the calculation show that the approximate discharge from the upper portion
of the bedrock system in the section shown on Figure 8-18 is approximately 14.000 gal/day.

A similar caleulation was made to determine the flow volume in the altuvial system near

and immediately south of the slough. A median hydraulic conductivity of 6 x 10* cm/s (1.3'x 10*

-gal/day/sq Tt} and an average saturated thickness of 35 ft were assumed. for the caleulation based..
"on data presented in Section 8.3.3.2 and on Figures 8-2, 8-3; and 8-16.. An average hydraulic

gradient of 5 ft (head loss) per 300 ft (distance} is evident in Figure 8-18-in-the area between the -

445 ft and 450 ft contour intervals. - Almﬁmmﬂufmeaquarbetween:h:ﬂowlmshuwn -

in Figure 8-18 was also used in the calculation.

To estimate the volume of flow in the altuwal s:,rstem in the w:lmty of the Femme Osage
Slcmgh the equation is:

Q = KbIW

.. The resuits of the calculation show that the approximate flow volume in the alluvial aquifer -
near and immediately south of the slough is 15,000 gal/day, which is slightly higher than the
calculated bedrock discharge. The increase in flow in the alluvial aquifer is attributed to leakage
from the slough. ' '

Table 8-2 shows that the transmissivity of the alluvial aquifer increases by several orders
of magnitude to the south and east of the Fermme Osage Slough in the area of the St. Charles
County well field and the Missouri River. Ctm‘espundmgly the volume of flow in the. alluwal_;__
aquifer increases in this direction.

8.5 Hydrogeologic Cunceptual Model

The conceptual model of the shallow aguifer system incorporates varicus geologic and
hydrologic compoenents controlling groundwater movement. Geologic factors include lithology
and grain size variation, stratigraphic relationships, fracturing, weathering, and solutioning.
Hydrologic factors include aquifer recharge, the distribution of hydraulic conductivity, the
. nydraulic gradient, aquifer discharge including groundwater withdrawal, and groundwater/surface -
water interaction. Figure 8-19 illustrates aspects of the hydrogeologic conceptual model, -

The aquifer system in the quarry area is comprised of two media: limestone bedrock and
- alluvium. Recharge to the bedrock portion of the aquifer system occurs as precipitation which -
infilirates throngh the soils and rock in the upland areas.north of the quarry and direct precipitation
-and runoft into the quarry pond and exposed rock fractures. The alluvium south of the quarry is
recharged by groundwater discharge from the limestone bedrock, direct precipitation, infiltration

DOE/OR/21548-587, Rev. 1 ' 8-34 ' : 072287
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from strearns (including the Missouri River), and floods. Induced infiltration from the Missouri
River supplies a large percentage of the recharpe to the well field south of the quarry.

Groundwater flows south and southeast in the limestone bedrock from the upland area to
the alluvial floodplain. Becanse the bedrock discharges groundwater into the alluvium, these two
. media act as a continmous flow system. - Aquifer- tests have furiber-demonstrated a hydraulic
connection. Migration in the coarse-grained alluvium is to the east towards the Missouri River
and the St. Charles County well field. - The aquifer system is unconfined, although semi-confining
- ¢onditions exist inthe alluvium where fine-prained: sediments which overlie.coarser malerial. in
the floodplain are saturated.

Geologic mapping and descriptions of rock core indicate that fractures in the Kimmswick
Limestone extend downward into the Decorah Group. This suggests that in the vicinity of the
quarry, the Kimmswick Limestone and Decorah Group are hydraulically connected. The results
of vertical coring indicate that the Plattin Limestone is massive with very little vertical or
horizontat fracturing in the vicinity of the quarry, Water levels within the Plattin Limestone do
not appear to correlate with measurements in the Kimmswick Limestone or the Decorah Group,
suggesting the Plattin Limestone is a separate hydrosiratigraphic unit in the quarry area.

Groundwater movement in the limestone units in the quarry area is predominantly
conirolled by the distribution of intercormected fractures. Preferential flow occurs along vertical
fractures and horizontal bedding pianes. Most of these feamres occur in the Kimmswick
Limestone. Where the vertical fractures intersect bedding planes, the fractures are t}rplcall}r
enlarged by dissolution.

Groundwater movement in the alluvium is primarily dependent upon the grain size
distribution of the sediments, Lower hydranlic conductivities are associated with fine-grained .
overbank deposits north of the slovgh, Higher hydraulic conductivities, transmissivities, and well
yields are associated with channel deposits including coarse sand, gravel, and cobbles in the
alluvium south of the Fernme Osage Slough.

Water level measurements in nested wells indicate slight differences in hydraulic head.
In the afluvial aquifer north and immediately south of the slough, the hydraulic head decreases
with depth indicating downward movement of proundwater. In the same area, the hydranlic head
in the underlying bedrock units {Decorah Group and Plattin Limestone} is typically higher than,
or equal te, the head in the overlying alluvium, indicating wpward flow (discharge) from the
bedrock. These two flows likely converge in coarse-grained malerials at the base of the alluvium
and flow laterally toward the Missouri River. South of the slough, water levels in wells screened
in the fine-grained sediments are lower than those screened in coarse-grainad sediments at the base
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of the alluvium, In this area, the hydrarum: head mﬁses with depth indicating regional d:scharge

- to 4he alluvium.

Interaction occurs between the Femme Osage Slough and the alluvial aquifer. Typically,

. the hydraulic head in the slough is higher:than in the adjacent ajluvium indicating leakage- from-
the slough te groundwater; At some locations; the hydraulic head-in the-adjacent: athriimuds:

higher indicating groundwater discharge into the siough.
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9 GROUNDWATER QUALITY INVESTIGATIONS

This section describes the nature and extent of groundwater contamination in the vicinity
of the Weldon Spring Quarry. Site-related groundwater contaminants are identified, and processes
that control contaminant distribution are examined.

9.1 Previous Investigations
Grmlhdwater quality data have been collected at the guarry since 1960 to define the nature,

extent, and magnitude of radiochemical and chemical contamination, The investigations have been
performed by former Government contractors, the Weldon Spring Site Remedial Action Project

(WSSRAP), and several government agencies. Prior to 1987, periedic monitoring programs and -

special studics were undertaken, In 1987, the WSSRAP established a comprehensive groundwater
monitoring program. Summaries of previous and past WSSRAP groundwater MONitoring programs

are provided in environmental monitoring plans and site envirommental reports, which are.

published annually. Table H-1 in Appendix H provides a list of previous studies that refate to and
support the remedial investigation.

9.1.t Early Data (1976 - 1986)

Initial groundwater monitoring at the quarry was limited to radiologicat parameters. In
1976, the list of analytes was expanded to-include nitrate and chloride. The early data indicated
that groundwater in the bedrock surrounding the quarry was contaminated with uranium, and the
highest levels were in the southeast area of the quarry. From 1979 to 1980, a study of samples
from the TW-series and OB-series wells was conducted to evaluate the feasibility of utilizing
specific ions as tracers of groundwater movement and to determine soil sorption properties. Only
sulfate was found to correlate with the elevated uranium levels in groundwater (Ref. 30). A

summary of uranium concentrations in groundwater from 1976 - 1986 is presented in Appendix

H, Table H-2.
9.1.2 Post-1986 Data

When the WSSRATP began routine groundwater monitoring in 1987, the list of anatytes was
further expanded to include nitroaromaties (1,3,6-TNB; 1,3-DNB; 2,4,6-TNT; 2,4-DNT; 2,6-
DNT: and pitrobenzene) and all major inorganic anions. The Phase T Water Quality Assessment
(Ref. 74}, performed in 1987, showed that Contract Laboratory Program {CLF) metals, pesticidﬁs,
. polychlorinated biphenyls (PCBs), and -semivolatiles. were not above-background and/or at
detectable levels in groundwater. However, elevated levels of nitrearomatics, nitrate, sulfate, and
chloride were found in wells downgradient from the quarry.
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9.1.3 Groundwater Moniloring System

‘The groundwater monitoring system for the quarry area is shown on Figure 9-1. It consists
of 45 U.S. Department cf Energy (DOE) monitoring wells and four monitoring wells owned by

..+ §t. Charles County:.-Of these wells, 19 monitor gronndwater. in the bedrock system (Kimenswick

‘Fimestone, Decorah Group, or Plattin Limestone). The remaining DOE-wells-and - all-county-
- owned monitoring and production wells are screened in the alluvium. Background wells for the
bedrock system are tocated upgradient of the quarry. In 1992, eight monitoring wells were
installed by the U.S. Geological Survey (USGS) in the Darst Bottom area, approximately 1 mi
southwest of the St. Charles County well field, to establish background water quality. for the:
alluvial aquifer.

The groundwater monitoring program for the quarmry area was developed to track
contaminant levels, address public concerns, and meet regulatory guidelings. The monitoring
program is réviewed annually and revised periodicaily to respond to changes in conditions at the
quarry. A major change in ssmpling methodology was implemented on January 1, 1995. Prior
to that date, afl groundwater samples were routinely collected through a 0.45 micron filter. Since
then, samples have been collected unfiltered, in compliance with U.S, Environmenial Protection
Agency (BPA) guidance for groundwater monitoring (Ref. 15). Additional filtered samples are
collected periodically for metals analyses. Studies at both the chemical plant site and the qoarry
have shown that the only parameters affected by filtration are  few metals (primarily aluminum,
iron, and manganese) which are present in naturally occurring fine sediments and ¢olloids. A more
detailed discussion of this topic is in Appendix H. A comparison of filtered and unfiltered samples
is presented in Appendix H, Table H-3. :

9.2  Quarry .Residuals Investigations

The quarry residuals groundwater investigations were performed in two phases, Phase 1
characterized the namre, extent, and magnitude of chemical and radioactive contamination in the
Kimmswick Limestone, the Decorah Group, the Plattin Limestone, and the alluvium north and
south of the Femme Osage Slough. These studies are lisied in Appemlix H (Table H-4).

AT TR T
R

Background locations were also sampled during Phase [ to characterize the quality of groundwater

not impacted by the quarry. Where possible, sampling activities were conducted in conjunction
with WSSRAP hydrogeological investigations. In a supplementary investigation, three phases of

in situ groundwater sampling were performed to refine .characterization of comtaminant

distributions in the alluvial aquifer (Ref. 57}.

During Phase II, the analyte list was expanded to include carcinogenic polynuclear aromatic
hydrocarbons (PAHs) and PCBs for monitoring wells that were adjacent to the quarry and had not
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SFRING, MO

been screened for these parameters since 1990. Geochemical parameters were added to the analyte.
Tist for wells that had not been sampled for these parameters during Phase I In addition,
nitroaromatic compounds and their degradation products were monitored in selected wells to
evaluate contaminant transport across the area of the Femme Osage Slough.

" The chemacal -and radiological parameters selected for-analysis during-Phases T-and. me~
-'hased on-results from previous-investigations and routine groundwater mnmmnng Feochermical
and field parameters, such as - pH, conductivity, and Eh, were also analyzed to assess contaminant
mnbﬂ:ty These analytical parameters are listed in Appendix H, Table H-5. :

9.3  Physical and Chemical Confrols on Contaminant Nﬁgratmn

Over the 40 years during which the Weldon Spring Quarry was used as & waste disposal -
site, infiltrating groundwater, rainwater, and surface water mobilized contaminants from the -
wastes and carried them downward inio the limestone bedrock. Contaminated . groundwater.
generally migrated to the south in the bedrock and inio the altuvial aquifer. The primary
groundwater contamimants with sources in the quarry wastes are uranium and nitroaromatic '
compounds. Barium and sulfate have also been leached from the wastes and are present at .
elevated levels in groundwater. ' o

Faur facters have dominated migration of contaminants in the quarry groundwater system::

» the location and chemical attributes of the quarry wastes

» the hydrologic properiies of the samrated bedrock and alluvium
« the geochemical characteristics of the cnntamnants and aquifer
« namyral attenuation processes.

9.3.1 Location and Chemical Attributes of Quarry Wastes .

Nitroaromatic- and uranium-bearing wastes were generally located in separate sectors of
the quarry, as shown in Figure 9-2. This placement gave rise to two discrete nitroaromatic -
plomes, one originating from the northeast end of the quarry and the other from the west side of
the quarry. The uranivm-suifae plume originated in the central area of the guarry and forms a
continucus band along the southern margin of the quarry. Slightly elevated uranium concentrations
have been measured at isolated locations east and south of this plume. Because the relationship of
these pccurrences 1o the main plume is not well defined, dashed lines with question marks have
been used on Figure 9-2 to indicate possible extensions of the plume. The uranium-sulfate plume
overtaps the southern margins of the nitroaromatic plumes; thus, some wells show elevated levels
of both groups of contaminants. '
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- +9,3.2 * Hydrelogic Contrels on Contaminant Disiribution . -

Advection and dispersion are the ]_Jl‘i!JIIHll'jl' hydrologic processes controlling the rate and .
direction of contaminant migration. Hydrologic mnth::}ls are further discussed in Section 8 and _
are discussed in relation to the chemical nature of the system in Section 10.

8.3.3 Ceochemical Characteristics of Contaminants and the Aquifer

The geochemical characteristics of the contaminants and the aquifers also affect the nature
and extent of contamination. Only contaminants that are readily leached from the wastes by
infiltrating rain, surface water, or groundwater enter the groundwater system. Some insoluble
contaminants, such as radium and thorium, that were heavily concentrated in the bulk wastes,
rarely have been detected in monitoring wells. . :

In the quarry area, the major element chemistry of the bedrock and alluvial aquifers
groundwater is dorninated by calcium and bicarbonate ions. This is illustrated with a Piper
diagram (Figure 9-3), which shows all locations clustering in the calcium-bicarbonate region. '
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Although all groundwater within the quagry area is of the same. general type (calcium-bicarbonate),
the concentrations of minor and trace constituents vary considerably. "These variations are due
primarily to the oxidation potential of the aquifer.

- In the alluvial aquifer, the natural causes of chemical variability are the oxidation potential

. of the aquifer, the organic content of the aquifer, and the degree of-hydranlic connection. with the

Misscuri River and/or the calcium carbonate bedrock aguifers. The oxidation potential is shown

on Figure 9-4, which maps Eh isopleths for the alluvial aquifer. Areas with negative. Eh values
are at lower {i.e., more reducing) oxidation potentials than areas with positive values,.

Oxidation-reduction reactions are important processes for soils that are periodically
imundated with rain or flood water (Ref. 67, 68), such as the soils in the floodptain of the Misscuri
River. Under favorable conditions, which include near neutral pH, available organic material, and -
ternperatures suitable for microbial acGvity, water-saturated soils become oxygen-depleted within -
a few miilimeters of the water-air interface. Within a few days of inundation, free oxygen is
consumed, and reduction of other compounds (e.g., manganese and iron oxides/hydroxides,
sulfate, and other oxidized compounds) begins (Ref. 67). These conditions occur in the saturated
atluvial soils south of the slough and in the Darst Bottoms, where Eh values range from -10 to
229 mV. In this area, iron and manganese, which are released to groundwater as soil reduction
proceeds, are present at high concentrations in the grnﬂndwﬁter. '

Although saturated soils and conditions favorable. for reductmn reactions are also present
north. of the slongh, oxidation potentials in this area are high (Eh values 0 to 277 mV) relative to
- .the area-south-of the slough.. ‘Exceptions to this- observation oceur -at two- monitoring wells-
. (MW-1007 and MW-1009) that are located near the noith bank of the slough in tight clays.
Groundwater north of: the-slough exhibits high sulfate and low iron and manganese levels. The
_ lattér elements are sequestered in insoluble oxides and hydroxides. Elevated levels of iron and
manganese; which that have been measured in some groundwater samples from this area, are-
' attributed $o inclusion of Fe-Mn cofloidal material.

The absence of reducing conditions in the saturated, organic-rich alluvium porth of the
slough may have an anthropogenic origin, - Oxidation of the scils in-this area may result from
mining of the quarry, which opened additional pathways for oxidized water to directly infiltrate
the aguifer. In addition, migration of soluble oxidized species (i.e., sulfate and nitroaromatic

" compounds) from quarry wastes also may have supplied oxygen to the aquifer. Near the Femme
Osage Slough, oxidized conditions abruptly give way 1o reducing condivions, defining a reduction
« .- front along the. low-lying, poorly drained area adjacent to the slough.... ... .
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-shaliowbedreck-aquifer-is relatively. oxidized,-exhibiting high sulfate and.low iron and: manganese.

REMEDIAL INVESTIGATION FOR THE QUARAY RESIDUALS OPERABLE. UNIT: WELDON SPRING SITE, WELDON SPRING, MO

Groundwater chemistry in the shallow bedrock aquifer is controlled by oxidation potential
and residence time in the aquifer. Equilibrium with the calcium carbonate host rocks, which is
a function of residence time ani the degree of nmixing with surface water,-strongly. influences the
groundwater chemistry, especially alkalinity, pH, and calcium content. Near the guarry, the

.. Jevels. Bedrock groundwaler also displays positive Eh values, with the Kimmswick Limestone: and

- Decorah Group being more exidized {median Eh value = 133 mV). than the underlying Plattin .. - .
~Limestone (median Fh value = 38 mV). -‘Reduced oxygen petentials are-only-observed at deeper

- levels in-the Plattin Limestone. -In .comparison to. the alluvial aquifer, -organic-material.and

mitrobial organisms are not abundant in the shallow bedrock aquifer; thus reduction reactions
occur very slowly.

9.3.4 Natural Attenuation Processes

Reactions along groundwater migration pathways influence the mobility of dissolved
contaminants. In the quarry aquifer system, contaminants are attenuated by one or more of the
following processes: sorption, biodegradation, and/or precipitation. -

9.34.1  Sorption. Attenuation of contaminants via sorption is a significant process.
in fine-grained seils containing abundant organic material such as are present in the alluvial-
aquifer, Sorption is simplistically described by a linear sorption isotherm if there is a tinear
relationship between the amount of solute sorbed onto the solid and the concentration of the solate.

-, I thiv-case, the-solute is reterded:in-proportion to the distribution coefficient (Kd).-which is.the. ..

slope of the line relating the concentration in liquid and sclid phases. Linear sorption isotherms
are shown in Figure 9-5 for a range of Kd values. Kd values are typicalty developed from
experimental data and are specific to a given constituent in relation to & particutar solid. Site-
specific experimentat data provide the most reliable Kas.

Higher Kd values indicate higher degrees of sorption; however, these reactions are limited
by the number of available sorption sites (i.e., the sorption capacity of solid materials). .Ju.the
case of uranfum, which is expected to be soluble s an anionic carbonate complex (Ref. :61)
sorption sites are limited to Fe-Mn oxides and edges of clay minerals (Ref. 67). When all sites
are saturated (i.e., the sorption capacity is exhausted), contaminant concentrations are no longer
atterated as groundwater moves through the aquifer.
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FIGURE 9-5 Equilibrium Uranium Concentrations in Soil and Groundwater for a..
Range-of Kd Values

A summary of distribution coefficients that have been used for the quarcy vicinity is
presented in Table 9-1.- Site-specific distribution coefficients have not been determined for any
quarry aquifers, Berkeley Geosciences (Ref. 30) has presented sorption coefficients which were

defived from literature for rock and soil; however, the actual distribution coefficients were not-
presented in the report. The alluvial sorption coefficient of 3.6 translates to a distribution

coefficient between 1 and 2. This value probably is.unrealistically-low for the alluvium, which
comntains abundant organic maiter (Ref. 58). The U.S. Geological Survey (USGS) also dﬂtemm]ﬂd

distribution coefficients for soils at the nearby Weldon Spring Chemnical Plant (Ref. 32). These

distribution coefficients are more 111!&313:13.r representative of the upland-soils blanketing the quarry
than of the alluviwm. :
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TJABLE 9-1 Uranium Sorption and Distribution Coefficients

DISTRIBUTION SORPTION
"MATERIAL ‘COEFFICIENT {ml.*gll COEFFRCIENT* REFERENCE.
Fractured Limestone ' 0.024 1.1 . {Ref. 30)
Alluvium : ; 1.1 . 3.6 { Ret. 30
Clay . 6.9 ' 36.4 {Ref. 30}
Vicinity upland soils 10.7 - 437 . (Ref. 47
* Sarption ceefficients {al were derived using the following aquation (Raf. 30}
a = K Pb{1-48
whera:
Fb = dulk density
B = porosity :
Kd = distribution cueﬂiclen‘t
9.34.2 Biodegradation. Biclopgical reactions can also reduce comtarninant

concentrations in the groundwater. These reactions are particularly important for organic
compounds, which are transformed to other species or mineralized t0-CO,. Studies performed
on materials collected from the former Weldon Spring Ordnance Works have shown that under
favorable conditions, biological processes readily breakdown nitroaromatic compounds, which are
the only organic: contaminants- deteeted-in the groundwater at the quarry (Ref: 59).- Biodegradation
oceyrs primarily in the alluvial sediments, which are rich in organic material and microbes.

9.3.4.3 - Precipitation of Solid Phases.  Removal of contaminants from groundwater '
via precipitation of solid phases typically results from changes in geochemical conditions, which
cause one of more¢ contaminants to exceed their solubtlity limit in water.

Ouxidation-reduction {redox) reactions control .the solubility and mobility of major.
contaminants {sulfate, arsenic, and-uranitim) in alluvial and bedrock aquifers adjacent to the
quarry. Like iron and manganese, arsenic is soluble under reducing conditions and precipitates
with these metals under oxidizing conditions. In contrast, sulfate and uraniom are soluble under
oxidizing conditions and precipitate in solid phases under reducing conditions (Refs: 60 and 61).

9.4 Nature and Extent of Cunt_aminatiﬂn

Analytical data from previous and recent investigations were evaluated to determine the
nature and extent of contamination in gronndwater near the quarry. In addition, concenirations
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of constituents that oceur naturally in groundwater were also established from data collected for
these investigations, Quarry groundwater data collected from 1987 to July 31, 1996, are
summarized in Table H-6 through H-8 of Appendix H.

9.4.1 Data Groups

Summary statistics are calculated for data groups, which are based on geographic location.

.and lithologic unit. - Some - groups. encompass-both. contaminated - and ancontaminated . sample
‘locations..- Subgroups ate-examined if significant contamination is present-at-a-mmber-of-locations

within a group. Groundwater data groups are:
Alluvium

» BKG-A Background

+ NS-A North of slough
+ QP-A Quarry proper
s WE-A  Well field®

Kimmswick Limestone/Decorah Groups®

« BKG-KD Background
« NS-KD North of slough
« QP-KD Quarry proper

Plagtin Li

« BEG-P Background
s+ NS-P North of slough
+ WF-P Well field™

®  wWelj ficld area is bounded by the Femme Osage Slough to the north and the Missouri River to the routh
ankd wast.

®  The Kimmswick Limestone and Decorah Group are not-present beneath the Femme Osage Slough as
shown in Figures 3-2 amd B-3.

9.4.2 Background

" . Natural (background) grovndwater chemistry in the alluvial and bedrock aquifers near the
quarry was determined at the upgradient sampling locations shown on Figure 9-1. These locations
were sampled for maturally occurring parameters, including inorganic amions, metals,
radiomaclides, and miscellaneous geochemica) parameters (Table H-5). Background data and swdy
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area data are summarized in Tables H&through H-8 of Appendix H. The upper 95% confidence
limit about the mean for derived background (UCL95;) values for each of the background groups
is shown in Pigures 9-6A, B, and C.

9.4.3 Tdentification of Contaminanis

Following the definitions given in Section 3, the background comparisons shown in Figures

.. . 9-6A through 9-6C.indicate that a number of naturally. occurring parameters significantly exceed
. the derived background .levels (2 times background). In the shallow-aquifer - (altuyinm-
- Kimmswick'Eimestone/Decorah-Group), these-parameters include three anions-(bromide, chioride - -

and sulfate), I4 metals (aluminum, arsenic, chromium, cobalt, copper, iron, manganese, mercury,
nickel, potassium, sodium, thatlium, vanadium, and zing), two miscetlanecus parameters {orgamc
carbon and phosphorous), three radionuclides (Rn-222, Th-230, and total uranium), and gross
alpha and gross beta. Significantly elevated parameters in the Plattin Limestone include five
metals (barium, cadmium, calcium, manganese, and mercury) and two radionuclides (Rn-222 and
total yraniam). With the exception of sulfate, sodium, calcium, and potassium, these parameters
are trace constituents in groundwater.

Maximum nitroaromatic compound concentrations measured in groundwater during 1995~
1996 are given in Figure 9-6D. Elevated levels of nitroaromatic compounds occur in the alluvinm
and shallow bedrock north of the slough.

Of the identified contaminants, uranium, gross alpha, nitroaromatic compounds (2,4-DNT

« . and-2,4,6-TNT);-and thallium-exceed. primary.water: quality. standards;.ivon, manganese. and -

alumirmm exceed secondary standards (as given in Section 3); and antimony exceeds EPA health
advisory levels. Locations where these elevated levels occur are identified in Table 9-2.
Contaminants that exceed primary water quality starklards are the major concern in quarry vicinity
groundwater. These contaminants, plus sulfate and arsenic, form the basis for discussion of nature
and extent of contamination.

Sulfate is included because, on a well-by-well case, it exceeds water quality standards north
of the slough, its geochemical characteristics are similar to those of uranium, and its concentration
is an indicator for the oxidation potential of the aquifer. Arsenic is included becanse. it is
consistently above water quality standdards in wells located adjacent to the south side of the slough.
To avoid redundancy, gross alpha, which reflect the activity of all radionuclides that emit alpha
particles, is not carried forward in the following discussions becavse concentrations are primarily
controlled by uranium levels in groundwater.
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Brormide | 0.082 mg
Chioride ] 2.23 g/l

Flucride | 0.30 mgd
Mitreta-N | 2.9 mgp
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FIGURE 9-8A - Groundwater: Background Comparison for Naturally Occurring
Parameters in Alluvium : '

The bar graphs display the UCL35 value for each data group (UCL95;) divided by the-
UCLSS vaiue for background {UCL95,). Values greater than 2 indicate significant deviation
from background {Section 3} Note: Rate set to 1'if 100% of sample data wera balow the
fimit of detectian,
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Chioride 7 182 mgd
Flueide | 0.51 mgt
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Nitite-N | 0.20 madl
Sulfate | 95.% mgA
Aluminur 7 705 ugh
Artimony 7§ 34.7ugd
Arsenic 7 148 ugn

Barfum
Bory(Rum 0.7 ugl

mium 7| 254 ugd
Caicium 7 158453 ugh’
Chrorium | 9.0 ugd
Coball | 32.B8ugh
Copper 7| 8.32 ugl
bon | 1177 ugd

Lead | 121 ugh
Lithiwrn 7| 158 ugt
Magnesiam | 31750 ug
Manganase 7 156 ugf
Mercary 7| 0.097 upA
Molybderiym | 667 ugh
Mickal 1 16.7 ugd
Polezsium | 5145 ugh
Selenium 7 324 ugh
Siver | 8.58ug/
Sodium 7 1781E ugd
Strondlum 7 422 ugf
Thalium 7| 2.24 ugfl
Vanadivm 7| 181 ugh
e 7 23.7 ugl

- Alkgliity T 473 mgn
Crganlc Carhgr -] 708 mad

Sfica | 259 mpA

Gross Alphs 1 158 pSiA
Crss Bata 7

" Radian22s -] 041 poil”
Radium-228 < 1.06 pCi
Radon-222 | 26.5 pCil

pe

© Thodum-228 7 0.33pCH
Thorum-230 |  0.61 pGid
Thorium-232 §  0.38 pCi
.41 pCin

Lh'anii.l'n.tow:

e L E R B el

FIGURE 9-6B Groundwater: Background Comparison for Naturally Occurring
Parameters in Kimmswick Limestone/Decorah Gruup

The bar graphs display the UCL9S value for each data group (UCLB5g) divided by the
U195 value for background (UCL95,). Values greater then 2 indicate significant deviation
from- background [Section 3] Mote: Rate set ta 1 if 100% of sample data were below the
limit of detection.
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Mitrite-N | C.028 gl
Sullste } 165 mgA
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trsanic | 109 ugf
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koni 9272 ugh
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Siver | 732ugh
~ Bodium 138512 ug/

Strontium ) 2223 ugd
Thalivem {  11.6ught
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Thac) 2.5ugh
Alkallnity | 716 mgA
Drganic Carbon | 45.2 mgA
Phosphonia | 223 mgfi
Slica ) 2.Zmgfl
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Redon-2e2 | 2.30 pCin
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Thodum-230 | 11.2 pCif
Thodum-232_| 3.02 pCiA

Lirartivrn, tolal | 123 pCif 1
1 | :
512545575910 D1254667 8510

FIGURE 9-6C Gruundwater Background Comparison for Naturally Dccurnng

Parameters in Plattin Limestone

The bar graphs display the WCL95 value for each data group (UCL35,} divided by the
UCLYE valua for background (UCL9E,). Values greater than 2 indicate significant deviation

from background {Section 3) Nota: Rate set to 1 if 100% of sample data were below the.
_limit of detection, '
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FIGURE 9-6D Groundwater: Maximum Nitroaromatic Cumpﬂund Concantrations for

1895-1996

TABLE 9-2 Areas Where Contaminants Exceed Water Quality Standards

CONTAMINANT {STANDARD] | . NS-A | NS-KD | NS-P | OP-A | GP-KD | WF-A WF-P
Primary Standards

Grags Alpha (156 pCifl)

Uranium (13.6 pCi/l}

DNT-24 (C.11 4g/hh

Arsenic {50 rgl} XE
Thallium {2 ;ig/) X X X X X
Secondary Standards |

Aluminum {200 wgdl) X X X

Manganesa (50 ug/l I 4 X X X X A
Sulfate {250 mg/l) X+ | x* X*

*Indicates localized area of significant contamination within data grouping
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Antimony and thallium values, wlm:h exceed water qualify standiards at backgrownd and
potentially impacted locations, appear to be an artifact of the CLP prescribed method used o
analyze these samples. For antimony, this method yielded a detection limit of 60 ug/1, which is

.. 10 times the maximum contaminant level (MCL) of 6 1g/1. Samples collected more recently have.
*-been analyzed by a-method: that has detection-limits-belew the-MCL: - These data {identified a5
: Antimony* in Table H-6) indicate antimony only exceeds the MCL. in the-NS-KI) and the WEP -

* sample groups, although the sample size is-limited Detection limits for thalliunr were varied, but- '
- typically were greater than 20 ug/l, whichis 10 times the MCL..of 2 z:g/l. Additional samples. will

be collected and analyzed for both antimony and thallium to determine whether levels exceed
MCLs. :

9.5  Distributior and Sources of Primary Contaminants

Although a large volume of contaminated material was presemt in the quarry from 1941
until mid-1995, the extent of groundwater contamination has remained relatively constant since
the WSSRAP began monitoring in 1987. Although the extent has remained relatively constant,
contaminant concentrations have varied widely during the 9.5 year monitoring -period. This
variation probably results in large part from bulk waste construction and removal activities, which
disturbed the waste and exposed fresh surfaces to-leaching. - As shown in Figure 9-7, disturbance
of the waste began in 1991 with the construction of the quarry water treatment plant and ended in .
late 1995 with final removal activities. Contaminant levels have alsc.been influenced by the
dramatic fluctuation in groundwater levels during the 1987-1996 monitoring period, which
included three major floods. ' '

Time Scale: Major Floods and Quarry Ramadietion Activities

CWTP Constr. Bulk Wasta Removal
] i —— i
| __ &R | — [ |

% g1 % b3 N 3 85 a7
Yaar
FIGURE 9-7 Chronology of Events that Impacted Groundwater Near the
Cuarry '
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The groundwater distribution of uramiwm, nitroaromati compounds, thaltium, sulfate, and
arsenic are discussed in the following sections. Not all of these contaminants are related to quarry
sources. Other potential contaminant sources are also evahated. '
9.5.1 Niiroaromatic Compounds

.- Nitroarematic-compounds-detected -in groundwater. ase-derived-from waste.and.debris that

... were - removed from the former Weldon Spring Ordnance Works and stored in. the quarry. 111.

addition to trinitrotoluene (TNT) amd dinitrotoluene (DNT), this waste includes a-series of

- production by-products and-degradation compounds.--During 9.5 years-of monitoring, six: wells: -
" have yielded groundwater contaminated with one or more nitroaromatic compound in excess of

0.1 ppb. Four were shallow bedrock wells, and two were alluvial wells. The highest
concenirations of total nitroaromatic compounds have occurred in MW-1002, a bedrock well on
the eastern rim of the quarry, and in MW-1006, an alluvial well located east-southeast of the
quarry (Figure 9-1). A separate area of contamination extends from the western margin of the
quarTy where nitroaromatic compounds (in excess of 0.1 ppb} are found in one alluvial well and
four shallow bedrock wells. As in the eastern plume, the highest concentrations occur in a bedrock
well (MW-1027) close to the quarry proper.

Nitroaromatic compounds have mot been detected south of the slough; however,
nitroarontatic compounds analyzed during the routine monitoring are primarify oxidized
compounds. These compounds could be degraded o more reduced species near the Femme. Osage
Slough ard migrate, undetected, into the well field. A special study was conducted to examine a

suite of nilroaromatic degradation compounds (reduced species) at monitoring locations south of.

the stough. “Like the primary site of compounds anatyzed by the WSSRAP, these degradation- -
compoumls were also below the Limit of detection. Coupled with previous monitoring data, the
results indicate that the nitroaromatic contamination is confined to the north side of the slough.
Figure 9-8 shows concenirations and the distribution of nitroaromatic compounds for the post-
remediation period {1993-1996).

_ Nitroaromatic compounds 2,4,6-TNT and 2,6-DNT are generally found in bedrock and
alluvium on the east side of the quarry proper and in a portion of the downgradiextt alluvium. A
western area of nitroaromatic contamination is.evident in Figure.9-3, where 2,4-DNT is measured .
primarily in one Kimmswick-Decorah well (MW-1027). The distribution and fate of nitroaromatics

in the gquarry groundwater are controlled by the location of the source (see Figure 9-2),

groundwater flow direction and gradient (see Figure 8-7), and atienuation processes acting on the
contaminants, Although relatively soluble in water, these compounds are particularly susceptible
to various transformation processes and are likely confined to. the north side of the slough

" primarily -by 2-combination of biodegradation and redox reactions.-Fransfer and transport

processes such as sorption and advection/dispersion also play a role in the dlstnbuuon of the
compourxds. .
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REMEDAL INVESTIGATION FOR THE QUARRY RESIOUALS CPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

‘Microbial degradation is probably the most important of the processes which break down -

Aittoaromatic compounds and is enhanced by the increase of erganic material in alluvium adjacent

to the slough and Little Fernme Osage Creek. Reducing conditions near the slough provide fower

exidation potentials to enhance the degradation of the compounds.

. been detected: Figure 9-0A shows the trend for TNT. in-selected wells monitoring.in the eastern. - -

-. At-the-start -of the bulk-waste’ construction - activities, ...GDI.I.UEIIH‘HHBIIB‘ of - nitroarematic:
mmpounds increased sharply in most monitoring wells whete these compounds-had- previously

plume, and Figure 9-9B shows the trend-in MW-1027, As remediation progressed, concentrations .

. began to decrease, and by early 1996 were below pre-1991 levels in all wells except MW-1062

(Figure 9-9A). The rapid decline after waste removal indicates that sorption of nitroaromatic
compounds onto aguifer solids probably is not significant. The persistence of low levels of these
compounds likely represents residual contaminated groundwater that is being flushed from pore -
spaces andd small fractures. The rate that concentrations of these conipounds is decreasing appears
to be related to the lithology of the aquifer. Wells screened in alluvial materials showed a faster
rate of decrease than those screened in the bedrock. This difference likely results from the
increased rate of microbial degradation in the alluvium. If this hypothesis i8 correct, concentrations
of nitroaromatic compounds should continue to decrease more rapidly in the alluvial aquifer than
in the bedrock aquifers. '

9.5.2 Sulfate

Sulfate is a solubie sulfur-oxygen anionic complex that is stable in oxidizing conditions.
Sulfate sorption on aquifer solids is not a significant process, but precipitation as barium sulfate

. - {BaS0,) timits dissolved concentrations.- Because barium.is .common trace constituent.of quatry . -

aquifers, sulfate levels rarely exceed 600.mg/1, even north of the sll:mgh where the highest levels .
are found. :

The sulfate anion is not stable under reducing conditions as shown in Figure 9-1¢ which
compares sulfate concentrations with Eh values. Under these conditions, the oxidation state of -
sulfur decreases from 4" to 27, and the sulfide ion becomes the stable form of sulfur: This ion
forms insokible phases with a number of readily available metals, resulting in extremély low
sulfide concentrations in grovrkdwater. Sulfide has not been measured routinely at the quarry; -

~ however, its presence can be inferred by absence or extremely low levels of sulfate.

Contrary to the expected relationship with the redox state of the aquifer, a few monitoring
locations have yielded groundwater with elevated sulfate levels and low Eh values. This
relationship reflects non-equilibrium conditions and probably resuits from mixing saifate-rich
oxygenated water with oxygen-poot, reduced water. This mixing may occur Jocally in the aquifer
or during sampling if a mﬂmtﬂnng well is screened across layers with differing oxidation

" potentials.
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDLIALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO
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North of the Ferume Osage slough, ‘sulfate levels are lower in the Plastin Limestone than

. inthe alluvium, Ximmswick Limestone, and Decorah Group. This refationship may. indicate that

sulfur content or the oxidation potential of the Plantin Limestone is lower than the other units.
Elevated sulfate levels are usually associated with elevated levels of uranium, which respond

oo similarly-to-the .oxidation potential of the aquifer. This relationship is shown in Figure 9-11.
-1 Withoughs uraniim-and-sulfate are -soluble. as: anionic-complexesuramium:is:more-strongly-sorhed

on solids, especially those présent in-the alluvial aqaifer. Thus, sulfate and-uranium levels do not
form a linear trend in Figure 9-11.
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FIGURE 9-11 Groundwater: Comparisoﬂ of Sulfate and Yranium Activity

Bulk waste is the probable source of elevatkd sulfate concentrations that ocour north of the
Femme Osage Slough. However, it is also possible that some sulfate is formed from oxidation
of sulfides in the aquifer. Although sulfate levels did respond to waste-removal activities, the
increases and decreases were not as dramatic as those of the nitroaromatic compounds, indicating
that other, possibly natural, sources of suifate may be present in the aquifer.
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9.5.3 Urapium

Uranium is the major quarry-related groundwater c contammant It is the uuly radiological

. . constituent-of the bulk waste materials that is readily-dissolved in-groundwater. - Like. sulfate,.
.-yranium is-solnble under oxidizing conditions but precipitates-in.a aumber of insoluble phases.
-yinder reducing conditions:(Refs. - 60:and. 61).". Inbicarbonae-type grovndsvaer; whichdspresent,
. %in both'the saturated bedtock and-alluvium,-uraniur:is solubje:as:an-anionic.carbonate complex:.
. Levels of dissolved uranium do not show-a direct correlation. with carbonate. alkatinity, however.. -

Unlike sulfate, -uranium is sorbed-onto solid materials, especially iron-manganese. oxides and.
organic matter (Ref.. 62) as observed in soil borings south of the quarry. The affinity of uranium
for organic matter was alsc qualitatively observed during remediation of the shallow soils inthe -
vicinity property directly south of the quarry. During this action, the highest levels of uranium
were found associated with tree roots and in a dark seil layer thax appeared to be rich in organic
Irmtcnal

Uranium-contaminated groundwater forms a plume that nugrates from the southern margin

.~ of the quarry and extends generally southward and eastward, as shown in Figure 9-12, in the

shaflow aquifer and Plattin Limestone. To address the vertical heterogeneity, average uranium
concentrations for samples from different depths at the same-general location were used to

- generate the piume maps. The highest wranium activity mgmundwater oceurs north of the Femme
© Osage Slough. The vertical and horizontal variation in uranium activity-in the alluvial-aquifer.

probably results from lithologic heterogeneities, fracture flow from the quarry, and localized
changes in the oxidation potential. These featres are schematically. illustrated in Figure 9-13.

In the shallow aquifer, uraniwn activity decreases abruptly near the northern margin of the
slough in response to the sudden decrease in the oxidation potential (Figure 9-4) which results in
reduction of uramum from the solubie U* to the insotuble U'* state. The sharp decrease in

. uranium levels iﬁdicates that sorption, which typically generates more diffuse boundaries, plays
'a minor roje in aitenuating traninm along this boundary. Sogption is the primary geochemical

process along the eastern and western margins of the pllmm wmch show a gradual decrease in
uranium levels.

Extensive study has been directed at understanding the geochemical controls on uranium
mobility in groundwater, and the results show that in the namural environment, uranium exisis in
two predominant oxidation states: as uranous in the pius four (%) valence staté and as uranyl in.
the plus six (U*%) valence state. Under oxidizing conditions, uraninm is in the uranyl form 4nd

. . quitessolublesin-grovndwater-Langmuir; 1978) through the. fgnnanunuf.smhl& complexes. This

behavior allows the dissolution and transport of uranium in oxidized environments. Figure 9-4

-shows-that oxidizing conditions exist in samirated bedrock beneath and south of the quarry proper

DOEAOR/Z1548-587, Rav. 1 - 925 : 072297
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and in the northern portion of the allnwal aquifer which' coincide wath the area of elevaledurannm
- activity in groundwater.

- Electrochemical reduction of the uranyl ion (U*%) to the uranous form (U**) leads to the
precipuauml of uraninite (UQ,) and coffinite (USi04) and a decrease in the dissotved
© concetration of uranium in groundwater. The particular precipitating form-is-dependent.-on.-the.
activity of dissolved silica in the system. The solubility of uranmite (or coffinite) under reducing
‘conditions; whichare present-in the-altuvial -aquifer in the-vicinity of Femme: Osage Slough, is.
small {Ref. 82). Naturally occurring compounds known to cause the reduction and precipitation
of reduced uranium species include hydrogen sulfide (or bisulfide ion), iron disulfide minerals,
such as pyrite and marcasite, ferrons iron-bearing species, hydrogen, and organic carbon, many
of which have been identified in the alluvial materials north of the slough. For apparently kinetic
reasons, methane and ammonia are relatively inetfective at reducing uranyl ion at low temperatures
(< 100° C) and are not expected to occur in the quarty area.

Typical uranyl reduction reactions resulting int the formation of uraninite nclude:
A[UOLCO)" + HS + 15H = 4UQ, + 80,2 + 12C042) + 8H,0
UO,(C0,),* + 2Fe*? + 31,0 = U0, + 2Fe(OH), + 3CO4{g)

The decrease in the concentration of dissolved uranium upon the precipitation of uraninite
. {or coffinite} is large, which explains the abrupt decrease in uranium activity in groundwater near-
- the northern-margin of Femme Osage Slough. - Under-oxidizing conditions, wranyl complexes.can
result in dissolved equilibrium concentrations on the order of hundreds of parts per bitlion (ppb)
or greater, Bxcept for pH conditions below about 2 to 3, the uranous jon concentration is typically
' less than 0.01 ppb.

Calculations were performed to determine if the uranium contamination in the altuvigm
north of Femme Osage Slough coutd have been precipitated or adsorbed from groundwater moving
south from the quarry and through the geochemical reduction zone. An arex of s0il contamination
referred to as the Group SQ (Soils south of the quarry and north of the slough) was selected for
this analysis because it is in the flow path of the wranium plume migrating in groundwater, and

sampling shows that elevated uranium contamination is presem in the alluviom. Gmup 85Q is '

. shown on Figure 6-6.

‘The first calculation was made to quantify the mass of uranium which has moved in
groundwater from the quarry and into the alluvium. The following assumptions were made in
order t¢ perform the calcnlation: '

DOE/OR/216549.567, Rav. 1 - 926 . g72297




REMEDLAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SFRING, MO

+ The average concentration of uranium in a cross-section through the plune has been
2829 pCi/L.

» Contaminated groundwater had been flowing inio the alluvium from 1970, the
approximate time of the first evidence of groundwater contamination, until the present
{27 years). )

+ 'Fhe volume of flow is approximately 7500 gallons per day -or half of the total flow
system shown on Figure 8-18.

. - - The calculation to quantify the mass.of uranium which has moved in grourdwater from the -
quarry and into the area of contaminated alluvium is as follows:

Groumdwaier Concentration (Total U) x Time x Flow Quantity = Total Mass
OR
2829 pCi/liter x 27 years x 7500 galiday = 8 x 10" pCi

The results of the first calculation show that approximately 0.8 x 107 pCi of uranium
flowed in groundwater from the quarry and into the gecchemical teduction zone.

A second calculation was made to quantify the mass of uranium which may have
precipitated or adsorbed by the alluvium in the coniaminated area north of the slough, The
following assumptions were made in order to perform the second calculation:

+ The area of contamination is approximately 900 fect by 200 feet and includes
borings QRSB-25, QRSB-27, QRSB-35, QRSB-36, QRSB-37, QRSB-38, and
. QRSBA40.

« The contaminated alluvium is approximately 15 feet thick.
« The weighted average concentration of uranium in the area of contamination iz 22.4

pCi/g based on a weighted average of the laboratory results from borings-in this
area.

The calculation to quantify the mass of uranium which was precipitated or adsorbed by the
alluviam in the contarminated area north of the slough is as follows:

Soil Volume x Bulk Density x Soil Concentration (U) = “Total Mass

OR

DOE/OR/21548-587, Aey, 1 .27 072497 .
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900 ft x 200 ft x 15 £t x 100 Ib/f x 22.4 pCi/g- = 2.7 x 102 pCi

The results of the second calculation show that approximately 2.7 x 107 pCi of uraninm

were present in the soils prior to remediation of the VP 9 area in 1996. The results of these

i rred calenlations. provide -strong: evidence that- uraninm -may<be :removed-from groundwater -and
ey i s precipitated or-adsorbed by the alluvium in the-geoshemical reduction:zone.: Values calculated for
: - . groundwater ‘may-be- lower than that caleulated- for-soils based on historieally-higher uranium

. levels being monitored in these wells-than the average has accounted for.in this- calculation.. The
processes -of precipitation: and -adsorption: explain- the sharp decrease in the concentration of

- ~-Uranium in the-vicinity of Femine Osage: Slough shown on the isopleths-(Figure 9-12). - - -

South of the slough, slightly elevated uranium levels have been observed in & shatlow
alluvial monitoring well (MW-1011, mean activity 10.5 pCi/I), temporary piezometers and weil
point samples {maximum activity 14.6 pCi/I}, and in a deeper monitoring well (MW-RMW2 mean

" concentration 5.67 pCi/l), which is screened over the entire thickness of the alluvium. Plausible
sources of this nranium are (1) migration of contaminated groundwater beneath the slough, (2)
seepage from the slough, (3) leaching from naturally occurring uranium-rich sediments or from
contaminated sediments that were transported and deposited south of the slough during floods, and
(4) the Missouri River or other natural sources. None of these sources can be definitively
supported or eliminated. -

For all locations except MW-RMW2, the first source (migration of comtamination beneath

_ the slough) is difficult to support hydrologicalty because of the downward flow component in the
. ghmllow atkuviums, as discussed in Section 8: -Fer uraninm-contaminated groundwater to-travel {0 -
these shallow monitoring locations south of the slough, gradients would have to be upward or -
horizontal. The second source (seepage from the slough) is plausible, but uranium is present at
relatively low levels in the slough and may not be soluble in the seepage as it migrates through the
reduced zone surrcunding the slough. The third source is not supported by soil characterization
data; however, soil sampling was not conducted to specificatly address this possibility, The fourth
source cannot be supported by uranium data from the background locations or from the Missouri
River, Although slightly elevated uranium has been-detected in the shallow-groundwater-in-the
well field, elevated uranium has not been detected in any of the pumping welis, which primarily

produce water from the deepet, coarser-grained portions of the aquifer.

Migration of uranium-contarminated groundwater bengath the slough 10 MW-RMW?2, which
is screened to bedrock, can be supported hydrologically, Uranium-contaminated groundwater
e o vpould ravel beyondsthe-reduction-zone- if oxygenated water: persisis-in:some-areas-or if the
hydraulic conductivity in preferred pathways such as sand layers is high emough to limit
geochemical reactions in the reduced zone.
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REMEDIAL INVESTIGATION FOR THE QUARRY. RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MQ

Accélerated transport of uranium-contaminated grourdwater along layers of sand or gravels
.. that-extend beneath the slough (see Section 8) is a plausible explanation for the elevated uranium
levels at MW-RMW2.. In addition to limiting reaction time, such zones are unlikely environments
for accumulation of decaying organic matter. Although these scenarios are reasonable, ag obvious
: pathway connecting MW-RMW?2 to the uranium plume north of the slough could not be idenitified,
i a0 and therefore-is-not showsn in Figure 9-12. I uranium-observed. in MW-RMW2.is related to.the.
- plune emanating from the quarry, the fractional contribution from this source to groundwater near
this well appears-to.be relatively constant. As shown in Figure 9-14, -urznium -levels in
- NW-RMW?2 have varied randomiy-about-a mean value- of approximately 5.6-pCifl-for the-past 10
years. - This random distribuition- and the absence of trends in the data indicate that steady-state -
conditions have probably been established at MW-RMW2, Although uraniom derived from -
locations north of the slough may be reaching MW-RMW?2, it has not been detected at above-
background levels in the pumping wells that supply water to St. Charles County.

1i

..

-l

. TOTAL URAMUM jpCLT

Q1MHRT pixisea 1201 1ot EF-0 0] 1AM 1272 A 2rived A0 TRIRE I
DATE

FIGURE 9-14 Historic Uranium Levels at MW-HHWE

Uranium levels and impacted locations have not been strongly influenced by quarry

- remediation activities.  Although levels were generally higher during the-vemediation period and
. lower at the end of the period, these trends are not readily apparent. To illustrate this potnt,
historic uranium data from representative-alluvial and bedrock wells are shown in Figure 9-13.
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

The most striking aspect of these fipures is'the short-range variability. This variation appears to
be unrelated to seasonal effects becanse trend anatyses performed for annual site environmental
reports (Refs. 40, 41, 42) have not shown periodicity in the historic data. In addition, historic
patterns from neighboring wells show no correlation. Some variation may be related to flood-
- induced changes:in the aquifer and to quarry activities, but additional -processes, . such as
undwater mixifg in the-aquifer orin.the wendurmgsamphng,aareprﬁhably involsed: e n

. In contrast to the shallow aqulfer -yranium activity at one locatiomnin tha shallow Plattin
Limestone increased after conclusion of bulk waste removal, as shown by historic trend at MW-
1031 (Figure 9-15). By late 1996, however, the activity began to decrease. The trend observed -
at this well probably reflects a delayed response to waste remmral actmty in the quarry due to the
extremely low cunductmty of the Plattin Limmestone.

9.5.4 Arsenic

Arsenic is present at significantly elevated levels in the alluvial groundwater along the
southern margin of the Femme Osage Slough (Figure 9-16). As shown in Figure 9-17, high
arsenic levels typically are associated with elevated levels of dissolved iron, low levels of sulfate,
and low Eh measurements. As described in Section 9.3.3, this assemblage (i.e., high iron, high
arsenic, low sulfate, and low Eh leveis) is indicative of a swongly reducing environment, This
~ conclusion is also supported by field observations. Field personne] noted the odor of HS (sulfide
gag) in soil borings collected from these areas. Elevated arsenic levels are not present in the
oxidized portions of the fine-grained alluvial aquifer, the deep coarsc-graumd pﬂmun of the
alluvial aquifer, or in bedrock groundwater.

The waste stored in the quarry is an unlikely source for elevated arsenic measured in
groundwater south of the slough. Although characterization of the quarry wastes identified arsenic
as a contaminant (Ref. 4), elevated arsenic levels were not detected in the guarry pond (Refs. 37,
38, and 39), which was in direct contact with the waste, Further indicaticon that arsenic was not
readily leached from the wastes was provided by results from Toxicity Characteristic Leaching
Procedure (TCLP) tests performed on-the wastes: removwed from the quarry. TCLP tests ave
designed to simulate leaching from a landfil} into the groundwater system under slightly acidic
conditions. These conditions are-similar to those that existed in the quarry as slightly acidic
precipitation fell on the wastes. Results from the TCLP tests (Appendix H, Table H-9) showed
that all samples were below the TCLP limit, and most were below the level of detection, indicating -
that arsenic was not readily keached from the bulk wastes. '
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FIGURE 2-16 Groundwater: Arsenic isopleths for the Shallow Aquifer -

High arsenic levels have not been detected in groundwater samples from wells located
. riorth of the stough.- ‘However,-arsenic could have been transported-across this area undetected in-
coltoidal iron-manganese oxides that were removed when groundwater samples were filtered. To
evaluate the quarry as-a potential arsenic source, data from filtered samples were compared with
data from unfiltered samples, which would have yielded elevated levels if arsenic was present in
colloidal phases. The similar, low levels of arsenic measured in the filtered and unfiltered sarmples -
(Appendix H) indicate that cofloidal transport is unlikely.

A study of naturally occurring arsenic in groundwater (Ref. 63) has shown that elevated
arsenic levels are common where reducing conditions and low hydraulic conductivities exist in
floodplains of midwestern rivers, The authors of this study concluded that the most plausible
source for this arsenic is reduction and dissolution of iron-manganese oxides, which absorh arsenic
from river or stream water. These oxides typically oceur as colloidal phases that are carried in
snspension by the rivers and are deposited with fine-grained alluvium in low energy areas of the -
floodplain. Typically these areas also accumulate decaying organic matter, which creates the
reducing conditions that eventually dissolve the oxides and release arsenic 0 the groundwater.
This description is consistent with the characteristics of the area adjacent to the slough where high
arsenic levels are found.
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09.2.5 Miscellancous Meials

Aluminum was present at elevated-levels at-several locations. - Although aluminum may
have been present in the quarry wastes, it was not a major constiment and it is not soluble in the
. pH-Eh range that has existed in the quarry aquifers. The likely source of aluminnm is mnchosion

‘of nahually-occurring sediments and colloidal:clay. particles in groumiwater samples, . - R

- + Iron and panganese behave smu‘laﬂy to alumimmm under oxidizing conditions- but:-become-
- soluble’as the ‘oxidation statedecreases;Both'elements ocedr naturally in- aquifcr minerals; whech
are considered to be the primary source. for these groundwater contaminants.

. Thallium levels are above the threshold that defines a contaminant (Section 3) and slightly
exceed the MCLs. Because detection limits for thallium are often higher than the water quality
standard (2 ug/L), it is difficult to determine whether the calculated UCL95, values reflect
eroundwater contamination or are artifacis of the lack of sensitivity in the analytical technique.

. Thallium was found at low levels in the bulk wastes, and slightly elevated thallium values
have been detected in other media sampled for this investigation. The thallium occurrences have
been sporadic, however, and are difficult to atiribute to a single source. Additional sampling will
be performed with detection limits less than the MCL to werify its presence in groundwater.

Antimony levels exceed the MCL. Because detection limits for-antimony are significantly
higher than the water quality standard (6 ug/l), it is difficult to determine whether the calculated
UCLS5 values reflect: actual concentrations 'or -are artifacts. of .the- Iack -of sensitivity- of: the-
analytical method, Additional sampling will be performex with a detection limit less than the MCL
to verify-its presence in groundwater. '

9.6  Simificant Observations

+ Uranium and nitroaromatic compounds are the primary quarry-derived confaminants
ik groundwater.

«  Contaminant plumes are limited to the north side of the slough. Low levels of uranium
have been measured at two monitoring wells south of the slough: RMW2 {average
value == 5.67 pCi/l) and 1011 (average value = 10.5 pCi/I).

- 'Fhie Tapid-deerease in groundwater contaminant levels-at-the-slaugh probably results
from a reducing zone that degrades nitroaromatic compourxds and precipitates uranium-
bearing phases.

DOL/OR/2154B-687, Aav. 1 Q-36 072247
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» Elevated arsenic levels along the slough are most likely unrelated to guarry wastes.

+ - Concentrations of nitroaromatic compounds are decreasing-in response to bulk waste
removal and are expected to continue decreasing, whereas uranium concentrations have
.shown little decline. The persistence of uranjum indicates secondary sources are

. present, namely alluvial soils and aquifer materials, located north of the slough. ... -

 » ' Antimony- and thallium-values may -excesd-the MCLs-but; due-tr the -high detection
limits, the existing data cannot be used for comparison. Additional samples will be
obtained and analyzed using detection limits less than or equal to the MCL for
evaluation. '
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10 CONTAMINANT FATE AND TRANSPORT

In this section, significant observations concerning the nature and extent of contamination
in all media are integrated to form a conceptual mode] showing the distribution and movement of
contappinants in the quarry environmentst sysiem. The major processes and observations that form

-the basis-for this-model-are described elsewhere in this.report. . Jn this. section, they are.briefly
- summarized in tables. Near the end of this section, the conceptual model is presemied in graphical

form, and projected future conditions in the Yuarry system-are examined with respect -to-the
conceptual model. '

10.1 Residual Contaminated Media

Contuminants were first introduced into the environment when wastes were placed in the
quarry and wastewater was discharged from the Weldon Spring Ordnance Works into the Little
Femme Qsage Creek. Although bulk waste has been removed from the quarry and only low levels
of confamination are present in runoff from the former ordnance works, some contamination
persists in various media: soils, surface water, sediments, and groundwater. In the vicinity of the
quarry, some of these media comiain high concentrations of one or more quarry-related
contaminants, -Sigmficantly contaminaied media (i.e., media with levels of contamination greater

* than two times background or greater than the water-quatity or screening guideline levels presented

in Section 3) are summarized in Table 10-1.

TABLE 10-1 Summary of Contaminated Media in the Quarry System

CONTAMINANTS
MEDH M LOCATION Major™ Minor'
Soll Quarry Proper Ra-226, Ra-228, Th-230 Matals, U, Nitrcaromatic
: Compounds, PAHs, PCBs
Morth of Slough None Meatals, F. U
Eediment Slough Nona U, Metals,
Little Femme Oesage Creek None U, Matals
Surface Slough U Metals, Anions,
Wator ~
Little Famme Osaga Creask Mona Mitrcaromatic Compodnds
Groundwater [ Alluviurs, Narth of Skdgh L}, Nitroaramatle Compounds, TI 50,
Decorah Group, North of Slough L), Nitroaromatle Carapounds 80,
Plattin Limestana, Narth of Slough u Hone
Allwvium, South of Slough None u
(8} Mpinr uumaminnnts: = water quality standards or 10-5 rick leval
SHTINANLE: A OAGKRGIEH : wlrd ks i g La

UOOr SO [N _BG FLFEFLIL
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10.2 Transport Mechanisms

.Before a (marry-related contaminant can occur in media ontside the quarry, a transport
vxmwhmmq«agemmst be available. The characteristics.of available iransport mechanisms. in
-the vicinity -of the -quarry are sumrparized in Table 10-2... As.the table.indicates, the primary.

© transport-agent-is water; mainly groundwater: -Adthough seme contaminants were transported b}.r

wind prior to bulk waste removal, this pathway is now. insignificant.

TABLE 10-2 Potantial Mechanisms Affecting Contaminant Transport

TYPE AGENT MATERIAL TRANSPORTED CONTAMINANTS SHINIFICANCE
Physleal Adr twind} Fine-grainad locas surface Any contaminant Insignificant since
Trarmaport ’ sail or waste material physically/ehormigally ramoval of waste
attachad to solid
Surface Water, Soifs and amal partickes of Any contaminart Limited to surfacs
Quarry propear other eollds and dissolved physicalyfchemically runeff collected in
conteminants attachad ta solid Quarry
Surface Water, Soits and small partlzles of Any contarninant Minor excapt for
outsida quaery other golids and dissolvad physically/chemically Miseouri River during
propar contaminants attachad to enlid flond stage
Grourndwater -~ | Extremaly fine solids and Any contaminent Patantlally slgnificant
colloidal material physlcallyfchamically in bedrock fractures
) attached to sollg
Solute Surface Water Dissclved and complaxed U, §0,, ritroarpmatic Significant in surface
Transport anione and cations compounds wiatar ingida and
. sutaide the quarry
Groundwater Digsolved and complasxed L, 80, nitraaramatic. Significant in bath
angne and cationsz compaunds ) alluvium and badrock
Diffuslon Air Gag axsolved from radium- Radon Inglgrificant sinca
covvtamineted soil . ramdval of waste

10.3 Geochemical Behavior of Contaminants

During transport in water, contaminants may be atterntatex by several processes which are
summarized in Table 16-3. Some of these processes are reversible, i.e., if conditions change, the

' ohtamingnt could be Teleased-back to-the transporting medinm. Dissehstion-precipitation and

sorption-desorption reactions are the major geochemical processes that control the mobility of
major quarry-related contaminants in water. These processes, which are described in Section 9,
control the rnobility of contaminants in groundwater as well as sorface water.

DOE/ORI21548-587, Rev. 1 10-2 072297
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Table 10-3 shows the environmental conditions that affect the solubility of major quarry-

. related contaminants and the sorption capacity of affected média for these contaminants, With the

exception of Fh, system parameters that can affect contaminant solubility or sorption (i.e.,

temperature, pressure, and pH) vary slightly in the quarry environment. Because these parmmters
are essentially- invariant, they are not discussed here. : : :

oo TABLE -109-3 - Geochemical-Behavior. of Quarry-Related Contaminants.in-\Water-
SOLUEILITY RELATIVE SORFTION CAPACITY
CONTAMINANT - _
J/SOLUBLE FOAM OXIDZING REDULHNG oL ORGANIC BEDROCK™
GONDITIONS™ CONDITIONS™ MATERLALY
Urapiam Sofuble; for L1 Vary aw solublity; Falr, limited Good Poor
velence, mokility for U** valenea, by comeant of
anhanced by concentration Fa-Wn oxides
Saoluble as formation of bewels limitad by ard organic
BONE Somplex _anionic complaxas precipitation of matter
with carbonats ion uranium oxides and
sillcates
Nitraaramatic Modarataly saluble |- Woderstaly soltuble Paor on - Good, organic ] ... Pagy
Compouryds silicate material glao '
rhinarale favors
{clays, deqradation
quartz, atc) through
microbial
procasges
Sulfata Good: for 3 - Poor: for 5% Poor, imited | . Limited by Paor
valenca, valence, by anion eites campetition
concanration cohcentration ard by with mare
lewvals limited by [evels limited by comnpatition shronaly
Soluble as pracipitation of pracipitation of with mare gorhad aniong
antonic cotrplax barita (BaS0,) and sulfida minarals atronghy
anhydrite . garbed anions
(CaS0,.H,01
Radlum Paor; " Nt affacted by Good- Good Poor
’ concantratlon " thangas in Eh
levels limited by
Soluble as cation formation of
radium sulfatas and
other minerals
Tharum Paor: concantraton Nirt aiffacted by Good Good Poox
levels limited by changas in Eh
farmatlon of
Soluble as cation | thorium oxidas and
hydroxides

lal Oxidizing cenditions Fesult frem expesura to the atmoesphers, infiliration of cxldized-water, and the prezénca of -oxidized
phases in the aquifer.

b} Redusing condiions rasult from the presence of decaying organic mettar and tha presence of reducad phages inthe aguifer.

(¢ Anban sorption is minor, controllad by organic content of sofl, and imited to Fe-Mn oxidas. -

ld} Lergs surfaga area, sxcellent sorption of cations and goad sorption of anlans.

fel Small surface area limits catlon sorption; anion sites typleally insignificant.

10-3 072297
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10.4 Potential Contaminant Sources

Contaminant sources that persist in the guarry environmental system are listed in Table-

10-4, and are based on information summarized in the previous-tables. The significance of these

(o, souteeg-is-velated to risks.that may result from release and migration.of contaminants from these .
sources to biological or human receptors. These issues are evaimated in the Baseline Risk

Assessment, which accompanies this document.

TABLE 10-4 Remalning Sources of Mobile Contaminants

. MOEBILE
SOURCE LOCATION CONTAMINANT TRANSPORT AGENT IMPALCTED MEDIA
 Sail Cuarry fractures’ Uranium Surface watarf Groundwatar;
aroundwater surfaica water
{quary pend)
Alluvium north of Uranium Surface water/ Groundwater:
alough groundyater &nil;
SuTfoce water
{=loughi
Groundwatar Cunarry frachires; Uramium; Surfaca water/ Groundwater;
Aluvial and badrock nitrearomatic groundyater ’ soil;
anquifers north of compourds; - surface water
. slgugh sulfate shoughl
Surfacsa Watar Famme Osaga Uranlurm Surface water/ Grourdhwater;
Slaugh groundwater sadimant;
. aurfaca =ail
Little Fatnma Osage Mitroeromatic Surfaca water Sediment
Creak compounds
Quarry pond” Uranium Groundwater Graundwaterfsoil
Saditrent Famme Osage Urgrium Surfaca water/ Surface watar;
Slough groundwatar groundwater
&l Minar sourca bacauss cancentrations are significantly lower than thosa in groundwater downgradient frem pond.

10.5 Conceptual Model

Figure 10-1 represents the conceptual model of the quarry system. The model includes
historic sources {now removed) and currently active sources, which may continue fo dispetse
contamination. The model describes the fate of each contaminant and shows how each is
seansported, It also identifies processes that ocour as water moves from the quarry toward the St.
Charles County well field.

. DUE/OR/21548-587, Rev. 1 . 104 072297
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These processes contribute to the reduction of contaminant concentrations, which are
relatively high north of the Femme Osage Slough, to near background levels south of the slough.
These are redox reactions, dilution, ahd sorpizon. '

10.5.1 Redox Reacﬁnns_

... .+.Redex reactions are-a significant cause of the.sharp-decrease in uranium, -sulfate,. and

- pitroaromatic-compound concenirations that-occurs near the. porthern margin of the Femme Osage. -

Slough. - As desciibed in Section 9, these reactions reduce uramum and sulfur to lower-oxidation
states at which they form insoluble compounds. The primary nitroaromatic compounds also
degrade in response to lower oxidation potentials and microbial activity that occurs in this area.

The strongly reducing environment associated with the Femme Osage Slough  is
schematically shown in Figure 10-2. This area, which is primarily composed of fine-grained
sediments and clays, is expected to be coincident with the permanently satrated zone beneath the
siough. Seepage from the slough, which maintains safurated conditions in the soil, is probably
- responsible for the persistence of: low. oxidation potentials in this zone. In addition o physically
preventing diffusion of oxygen into this area, this seepage is also a source of highly reduced
sofuble species derived from decay of organic materia) at the base of the slough,

The reduced zone exterls downward (probably to bedrock in most locations) and outward
from the slough. Tt extends south of the slough due to the prevailing hydranlic gradient and
interaction with oxygenated groundwater along the northern slough margin. The variability in
redox sensitive parareters in some monitoring wells located directly north of the slough suggests
that the northern margin is characterized by interfingering -of reduced and oxidized sediments and
that it probably shifts back and forth in response to seasonal variation in slough and groundwater
levels. This shift is exhibited in wells MW-1007 and MW-1009, which are located within 50 feet
from the edge of the slough.

The fine-grained silts and ¢lays found in most soil borings from areas immextiately adjacent
to the slough and the sharp change in groundwater contaminant concentrations on opposite sides
of the slough indicate that the reducing zone is a continuous feature that intercepts most alhavial
groundwater traveling south from the quarry area toward the well field. This redox barrier is
probably penetrated in a few areas by stringers of sand, which may oceur at any depth but are
most likely to be present' in bedrock depressions associated with paleodrainages. If reaction
kinetics are sufficiently slow, the higher permeabilities in these stringers could allow contaminants
to petsist in their soluble, oxidized state and thus migrate toward the well field, This possibility
is indicated by the dashed lines crossing the reduction zone in Figure 10-1. These permeable areas
- -are~not abundant, however, With one exception, groundwater samples from deep alluvial well
points and monitoring wells south of the slough have yielded background levels of uranium. As

_ DOE/ORI21548-587, Rav. 1 - 10-5 : 072297
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discussed in Section 9, the exception is MW- RMW2 whmh has displayed a stable range of -
uranivm concentrations for the past 10 years.

Bécanse of the reduced nature of the soils, wraniura should not be sohible in water seeping

-+ from the slowgh, with the possible exception of water migrating within a few-millimeters -of the
“ -4 gir-water-interface; - Thus, elevated uranium levels observed in groundwater at shallow-athrviat

locatmns south of the slough are unlikely to be related to the slough.

10.5.2 Bilution

Dilution and mixing become progressively greater as groundwater migrates toward the St
Charles County well field. As discussed in Section 8, groundwater originating from areas north
of the slough is a small fraction of the total water budget for the well field. Induced infiltration
from the Missouri River is the primary source of water.

10.5.3 Sorption

Sorption onto saturated and unsaturated soils and sedimenis has limited groundwater and

surface water transport of many radiomuclides, metals, and organic compourds. Based on the

 observed contaminant distributions to redox reactions, however, sorption is less significant than

redox reactions for atienuating uranium.Sorption continues to occur on the western and eastern
margins of the plume, slowing lateral migration of uranium-contaminated groundwater.

10.6 Simulation of Potential Migration of Contamination to the St. Charles County
Wellfield ' ' '

The St. Chasles County wellfield is located in the area between the slough and the Missouri
River, Eight production wells are used on a rolating basis to pump an average of 10.5 mgd from
the coarse-grained materials of the Missouri River altuvium. Uranium contamination has been
identified in a few monitoring wells and piezometers south of the siough and there is coricern that
the operation. of the production welis will eventually draw: contaminated water or existing natural
processes will not adeguately limit the migration of uranium into the area where the production
wells are located. '

A model was completed to estimate migration pathways of uranium contaminated
groundwater originating from north of the siough, the contaminant distribution within the plume,
and the conpentration of the discharge from the wells capturing the plume for a 20-year simulation
period (Appendix I). It is expected thiat 4 large amount of dilution takes place al the wells because
-he primary -soirce of the water o these-wells is derived from the: Missenri River: The model
provides an estimate of the uranivm coneentration that could occur in the wellfield under the
hypothetical scenasio of a compiete breakthrough of contamination past the reducing environment
adjacent to the slough. A complete description of the model is provided in Appendix f.
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The following assumptions form the basis for the model scenarios presented in this
remedial investigation:

* All chemical or hydraulic barriers to migration of the uranium plume toward the
wellfield do not exist.

» Average, steady-state hydrologic conditions exist -

+ Chemical transport will be based.on the simulated steady-state hydrologic conditions..

. -Tﬂlesmmeﬂfurmmlmmam]muantnﬂmwellﬁeldarealsunﬁunnandcumma '

and originated from the area north of the slough.
« The average concentration of the plume along a cross section perpendicular to the flow
is 2829 pCi/l. :

The modeled area is bounded by the Katy Trail, the Missouri River, and an arbitrary
boundary a few miles southwest of the Femme Osage Creek. This sumﬂaucm assumes theye is no
seepage from the slough or the Femme Osage Creek.

10.6.1 No Pumping Scenario

A steady-state condition with no pumping of the production.'wells Wwas run o simulate a
migration pathway for the uranitm phime should operation. of the wellfield stop (Figure 10-3}..In ..

general, groundwater levels are maintained- at approximately the same levels as the water level in

the Missouri River. The direction of groundwater flow is almost paraltel to the Missouri River.
The path taken by the contaminant piume is parallel to the bedrock/alluvium conkact and eveninally
discharges to the Missouri River.

10.6.2 Welifieldd Pumping Scenario

Steady-state hydrologic conditions with operation of the production wells were sinmtated
to determine the migration pathway for the uranivm plume (Figure [0-4). A base transport
condition with no dispersion or retardation was simulated to illustrate the impact of dilztion from
the production of the wells on contaminant migration (Figure 10-5). Two contaminant transport
conditions were simulated to illustrate the impact of dispersion and retardation on the movement
of the contamination (Figures 10-6 amd 10-7). Dispersion is a mechanical process that has the
affect of spreading the plume along the flow path and reducing the levels the conceneration.
Dispersion perpendicular to the flow path (transverse) is generally less than the dispersion in the
direction of flow (longitudinal). Dispersion increases the velocity of the contaminant movement
in both the transverse and longinidinal direction so that a plume with dispersion will arrive ai a
point in the flow path before a plume without dispersion. Retardation is a function of limited

- ‘adsorption-of contaminant on-the -aquifer matrix and teduces the veloeity of the-contarninant -
- movement. '

. DOEfOR/Z1E48-5687, Rav. 1 10-10 o _ 072297
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FIGUHE 10-5 Uranium tsoplaths for the Simulatad Quarw Plumae without Dispersion
or Retardation
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FIGURE 10-6 Uranium Isopieths for the Simulated Quarry Plume with Dispersion
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Simulation with no dispersion or retardagion indicates that after 20 years the contaminsnt

.phame.- i3 primarily capmured by PW-8 (Figure 10-5), Under these conditions, minar 1mpacts are

observed in neighboring PW-9. The uranium level in groundwater produced from PW-8 and PW-9
are 5 ug/l (3.4 pCi/l) and 0.15 ug/1 (0.1 pCi/l), respectively.

: + The configuration of ﬂmplmm with dispetsion (Figure 10-6)-8t 20-years shows-veryiittle
apparent difference in the comtours. ‘A value: of 20 ft was used for dispersion. There is-a-significant
difference in the concentration at PW-8. - The concentration is approximately 13.7 1g/1 (5. 3 pCu’l)

- in groundwater: punme-d from PW-8.and. 0.6 ugfl (0.4 pCi{l} from PW-5. .

The effect of retardacion on the plume at 20 years is more evident than that of dispersion
(Figure 10-7). The retardation coefficient used for this simulation is approximately 7.4. With
retardation, the concentration from PW-8 is only 0.14 xg/1 (0.1 pCi/l} and no nnpact was observed
in PW-9

The effects of dispersion can be seen in plots of concentration versus time for PW-8
{Flgure 10-8). This plot shows the variation in concentration with time at the pumping well with

- - and without. dispersion. ‘It shows that in- addition to increasing the vahie of the conceniration,-

contamination reaches the production well sooner than the condition with no dispersion. The
concentration at the well with retardation is small and does not show up at the scale of this plot.

10.7 Projected Future Conditions in the Quarry Emurumnental System

. A major concern for the Quarry Residuals-Operable Unit is whether potential. future. .
migration of uranium-contaminated groundwater could impact water quality at the St. Charles
County well field. Although there will always be a level of uncerizinty surrounding this question,
the processes (redox reactions and dilution) that have preverited detectable uranium migration to-
the pumping wells are relatively robust. Diluiion in the well field reduces the contribution of
groundwater from sources north of the slough to less than 1% (Ref, 83). These processes-are
independent and provide redundant protection for the drinking water supply.

Quarry restoration, which may inchude backfilling, will likely decrease oxidation potentials .
downgradient from the guarry. These soils, which may be amended with organic material, will
be saturated in the lower portions of the quarry. If amended with organic material, the soil will

‘provide an environment where the free oxygen in groundwater will be consumed rapidly. The

reduced groundwater will migrate downgradient into the bedrock and to the alluvimm. Over time,

- - influse of this gr@undwataiﬂahaul&gﬂ{hmlly reduce the oxidation potential.of the alluvial aquifer

north of the slough.
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Continued flushing at the alluvial aquifer north of the slowgh will gradually reduce uranium

. levels in groundwater. Although site-specific distribution coefficients have not been determined

for the altavial aquifer north of the slough, the values are expected to be high based on-the
presence of clay and organic material. Combined with the low hydraulic conductivity of the
alluvium, an extended period of flushing may be required to desorb uranium in this portion of the
aquifer. :

: - Putore redox potentials-at shallow levels in the alluviat aquifer may-vary with wet and-dry

- climate-cycles-that change . the elevation of the phreatic surface. .- Oxidation-potentials-should

© decrease during wet or flood periods and increase during dry periods as the saturated zone vises

and falls, respectively, Extreme wes arxl dry periods have oceuired. during the last 1 years, but

corresponding increases in contaminant mobility have not been observed. Futare conditions may

become more reducing if the area is aliowed to remain flooded for long periods, It is unlikely that

conditions would become more oxidizing than they were when the welt field area was actively

farmed. During farming, soils are regularly turned over, exposing new surfaces o the air; organic
material is removed from the area during harvests; and potentially oxidized nutrients are applied

to the soil.
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11 SUMMARY OF BASELINE RISK ASSESSMENT
11.1 Significant Observations from the Baseline Risk Assessment

s The Tadiotogical comaminants of potential concern (COPC)-include uranium; Ra-226, Ra«
228, and-thoriom (primarily. Th=230). Chemical COPC -include -metals- and - -nitroaromatie-
compounds. Polychlorinated biphenyls (PCBs) were -also-detected in- the soils of the quarry
. proper. A st of COPC for the various areas is presented in the baseline risk assessment.

.- Consistent with current and likely future land use for the quarry area, potential exposure
was ¢valuated for a recreational visitor at the quarry proper and Femme Osage Slough. The
estimates for the slough should be 'representative of those for the creeks because contaminant
concentrations reported for the creeks are generatly lower than those reported for the slough.
Exposure to groundwater at the quarry area is an incomplete pathway becanse areas with elevated
. contaminant concentrations are not used for residential, agricultiral, or other purposes. In
addition, the low yields determined for the area are not expected to support any sustained use for
the shaliow groundwater. However, in order to provide information concerning potential exposure
from ingestion and dermal contact with contaminated groundwater, bounding calculations were
performed for a hypothetical resident.

The results for the recreational visitor exposed to multiple locations and media via multiple
- pathways indicate that radiﬂlﬂgical atd chémical risks are within the target risk range of 10% to
107, Hazard indices are also less than 1, inxicating that systemic toxicity is not a concern. Upper- -

... bowel estimates of risk from =xposure to.groundwater by.a hypothetical resident indicate several

- wells with a risk greater than 10r* 1ocated north of the stough and directly south and southeast of
the quarry. The major contribators to risk are uraniwm and 2.6-DINT. Hazard quotients greater
than 1 were also estimated for a few wells located in this area,

No risks were identfied to aguatic biota for most contaminants of potential ecological
concern. Current levels of aluminum, barium, manganese, and total uranium in the surface water
of the Ferrme Osage Slough and the Litile Fernme Osage Creek have been identified as potentially
posing risks to aquatic biota using these habitats. However, biotic surveys of the slough and creek
found macroinvertebrate anxt fish communities typical of similar habitats in the Midwest, and no
obvious adverse effects on agnatic hiota were observed in the slough or creek,

Risk estimates for terrestrial wildlife based on modeling results indicated no risks to
receptors foraging in the Fenume Osage Slﬁugh or drinking from the slough or the Little Femume
Osage Creek. Internal and external examinations of small mammals colfected from the site faiied
to-show any abnormalities that might indicate adverse effects on small mammals. Tissue analyses
of fish indicated uranium concentrations within the range reported in the literature for
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contaminated and uncontaminated sﬂes in North E]IH:I’ICEI and for which no adverse effects have

. been observed. Tissue concentrations of radionuclides-in small mammals collecied from the

Quarry Residuals Operable Unit were comparable to levels detected in specimens from reference
sites.- On the basis of the absence of any observable adverse effects to aquatic or terrestrial biota,

~ortothe peheTally: dow levels of potential Tlsk identified for aquatic biota-and no risks to-terrestriak

- wildlife, the current tevals-of contamination-in surface-water-andsediments-frors Femme-Osage-
- Stough and Litile Femme Osage- Creek <o not appear-to: have impacted-eeological resources at -

these habitats, and do net pose a:future risk to biota at the site.
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12 SUMMARY
12.1 General

.= - Any-action that disturbs the archeological site on the south quarry rim will require
Phase ITE mitigation.

-+ - Contaminant discussions focus on naturally-occurring parameters that exceed fwni;im&s-
* - hackground and anthropogentc parameters greater than zero. -Special emphasis is given
to-parameters that exceed. water quality standards (groundwater and sirface water) or-
screening criteria presented in the Work Plan (soil and sediment).
12.2 ° Air
« Rn-222, gamma radiation, radiuﬁctive airborne particudates, and asbestos are presently
at background levels and are below U.S. Department of Energy (DOE) protection
criteria.
 Rn-220 (thorom) exceeds background at one focation on the nertheast mmar_ﬂf the .
quarry proper. ' :
12.3 Ecology

The ecclogical investigations indicate that there are no adverse impacts to biclogical
communities in the vicinity of the quarry. This conchasion is based on the following:

+ Survey data mdlcate no significant differences in’ species diversity and community-
equality between study areas and reference areas for trees and saplings/shrubs.

+ The commmunities south of the quarry are typical of Missouri fioodplain habitats.

+ Smdies of fish obtained from the Femme Osage Slough showed that biouptake of
uramum was occurring, but fevels did not pose a threat to human health.

« Benthic invertebrate diversity in Little Femme Osage Creek near the quatry did not
significantly differ from the reference location upstream.

. Herpetofauna survey resulis indicate no significant differences between number and
types of species observed at the.guarcy and the reference location.
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» No State or Federal fisted species were found during herpetofauna and vegetation
surveys. Bald cagles were observed during winter surveys in the area between the
quarry and the Missouri River.

12,4 Soeils
» * Limestone bedrock in the quarry proper does not exhibit fixed contamination.. - -
« -Soil in wall fractures withinthe quarry is relatively free of contamination.

+ Isolated areas of contaminstion are present in the “iriangle” area. Characterization in
the triangle area will be performed when safe access can be established.

« Limited volumes of soil in quarry floor fractures and depressions ang at the base of the
sump are contarninated with radium, Th-230, and uranium. Other contaminasits are
present at low levels or were not detected.

«  Low levels of nraniuin are sorbed omio soils located between the quarry and the slough.
Low levels of other comtaminants (radiormclides, nitroaromatic compounds, and
metals) also occur in this area, primarily in the-upper 5 ft interval. Transport-te the

area in the groundwater appears to be a plausible explanation for elevated uranjum
levels.

s Qverbank flooding by the Mlssc:-un River may be a souirce nfelevated metals in surface
soils south of the quarry

12.5 Surface Water and Sediments

» The quarry pond recharges gradually, primariljr in respomse to precipitation, and the
total uranium activity has been in the 400 pCi/l o 550 pCi/l range since pumpduwn nf
the guarry pond in mid- Apnl 1996,

+  Surface water and sedirnents of the Little Femme Dsage Creek have been mﬂueneed
by activities at the former ordnance works.

» Many of the parameters efevated in the surface of the upper and lower Femme Osage
.slough are also elevated in the Missouri River which. is.routinely diverted to or floods
the slough.
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o  Surface water znd sediments in the Femme Osage slough have probably been impacted
by migration of groundwater from the quarry containing elevated levels of uranium.

12.6 Hydrogeology

ciime o enoms The agquifer.system at the quarry mﬁmnposedofmmdm _limestone bedrock and
alluvmm

« The bedrock units of interest in the quarry area are the Kimmswick Limestone, the

. Decorah Group, and the Plattin Limestone. - Fractures in the Kimmswick Limestone

extend downward into the Decorah Group which suggests that in the vicinity of the

quarry, these units are hydraulically connected. The greatest mumnber of vertical and

. horizontal fractures occur in the Kimmswick Limestone. The Plattin Limestope is

massive with very liitle vertical of horizontal fractaring. The potential for groundwater
movement in the limestone umits is greater in the horizontal direction.

s Coarse-grained deposits comprise the bottom 20 to 80 fi of the Missonri River
floodplain. Fine-grained deposits comprise the upper 15 to 25 ft of the Missouri River '
floodplain and the full thickness of the Little Femme Osage Creek and Femme Osage

" Creek alluvinm. The fine-grained deposits consist of silty clay and clayey-silt with
alternating layers and lenses of fine sand and silts.

+ Groundwater movement in the limestone units is predominantly controlled by the
distribution of interconnected fractures. - Preferential flow occurs along vertical
fractures and horizontal bedding planes, most which occur in the Kimmswick
Limestone. Where vertical fractares intersect baddmg planf.s, the fracures are
typlcalljr enlarged by dissolution.

+ Groundwater movement in the alluvium is primarily dependent upon the grain size
distribution of the sediments. Lower hydraulic conductivites are associated with fine-
grained overbank deposits north of the slough. Higher hydraulic conductivities are
associated with coarse-grained channe] deposits south of the slough, '

+ Groundwater flows south and southeast in the limestone bedrock from the upland ared
to the afluviat floodplain.

- s~ Groundwater fiow-in the coarsesgrained alluvivm beneath the floodplain is to the east
towards the Missouri River.
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« North of the slough, the hydraulic head within the allavium generally decreases with
depth, indicating downward movement of groundwater. Within the alluvium south of
the slough, the hydraulic head also decreases with.depth. Closer to the river, the
hydreaulic head within the alluvium is uniform or increases with depth, indicating the
-vertical component of movement is negligible, -amd the horizomtal flow companent is
predominant. '

: « . Interaction occurs between the siough and the athavial aguifer. Typically,.the surface.:
e st ceryater A the -sloaghi s&ps&ﬁtﬂ the groundwatet. ~In localized -areas, the groundwater:
- dischiarges-into the slough as: indicated by hydraulic head measurements in the allavivm
adjacent to the slough. '

127 Groundwater Quality

« Uranium and nitroaromatic compounds are the primary quarry-derived coptaminamts |
in the quarry aquifers. '

-.e . Confatninant plurues: are:limited to.the north side of the slough except for. the presence.
of urapinm at low Jevels in two monitoring wells (RMW2 and 1011) south of the. .

. slough.

‘'« The significant reduction in groundwater cunmninatiﬂﬁ in the vicinity of the slougli
results from a geochiemical reducing zone that degrades nitroaromatic compourds and
precipitates uranium-bearing phases.

.. w - Elevated arsenic levels-along the siough are unrelated to the quarry.

« Concentrations of nitcoaromatic compounds are decreasing in response to bulk waste-
removal and are expected to continue decreasing. Uranium concentrations have shown
little decline, indicating that secondary sources are present in the aquifer, namely, soils
contaminated with Jow levels of uraniwm (generally less than 30 pCi/g U-238).

12.8 Baseline Risk Assessment

"« Radiological and chemical risks and the hazard indices are within the acceptable range
for the recreational visitor at the quarry and Femme Osage Slough areas.

« ‘The upper bound radiotogical and chemical carcinogenic risks and the hazard index for
the recreational visitor ingesting groundwater are within acceptable risk ranges.

DOE/OR/21548-687, Rev. 1 - 124 (. o . .o72207




HEMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDCN SPRING SITE, WELDON SPRING, MO

+ No adverse effects to aquatic hlﬁt& from quarry activities have been abserved in the
Femme Osage Slough or the Little Femme Osage Creek. :

+ The current levels of contamination in surface water and-sedirnents from the Femme
OsageSMughandmehmeFamﬂsageCmekappammlylmwmandwﬂlnmm
anskt{rmlogwalresoumﬁ inthesearéas. - - = : R

12.9 Additional Investigations

The results of this remedial investigation indicate that- additional information would
augment the understanding of the groundwater system and contaminant migration south of the
quarry. The need to perfﬂrm the following investigations to obtain this information will be

evaluated:

» Determination of sorpﬁonfdesurptiun coefficients of the alluvinm with respect to
uranitm.

« Definition of the morphology of the fluvial deposits north and in the vicinity of the.
Femme Osage Sloungh,

12.9.1 Uranium Desorption Properties of the Alluvial Materlals

Contaminated soils and aguifer materials are present in. the alluvium nerth of the slough.
The desorption rates of urapium from these materials has not been quantified, although estimates
of acceptable ranges can be referenced. ‘To fully evaluate natural flushing of the groundwater
- north of the slough, site-specific values need to be obtained to determine how long it wﬂl be
- before levels begin to mgmﬁcanﬂy decrease.

12.9.2 Stratigraphic Control of Groundwater Movement in the Alluviom

The morphology of the fluvial deposits north of, and in, the vicinity of the Femme Osage
Stough should be evaluated to better understand.the distribution of contaminants and define
potential pathways for contaminant migration to the south, Available soil and gronndwater data
indicate the vertical distribution of contaminants is complex but presently is not correlated to grain
size or depositional features. The petential for contamination exists at well MW-RMW2, although
no pathway to the south has been defined. Additional definition of the stratigraphy could be
-accomplished by performing. borehale geaphysma! lngs in existing wells.nr in new. boreholes if
dritling is undertaken.
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